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ABSTRACT 

Ana lys i s  from t h r e e  d i f f e r e n t  v i ewpo in t s  i s  used  t o  
deve lop  on a l o g i c a l  basis th ree  models o f  t h e  l u n a r  s u r f a c e  
f o r  u s e  i n  t h e  Apollo program. The f i r s t ,  a "Lunar S u r f a c e  
Model f o r  S u r f a c e  I n t e r a c t i o n " ,  r e p r e s e n t s  a wors t  c a s e  f o r  
touchdown. It i s  i n  e f f e c t  the  model from which was d e r i v e d  
t h e  s t r u c t u r a l  s p e c i f i c a t i o n  t o  which t h e  LM was d e s i g n e d .  
The second,  a "Lunar S u r f a c e  Model for Landing Approach Oper- 
a t i o n s " ,  r e p r e s e n t s  a wors t  case f o r  f i n d i n g  and r e a c h i n g  an  
a c c e p t a b l e  s p o t  t o  l a n d  on a f t e r  t h e  crew assumes t h e  f u n c t i o n  
o f  r e d e s i g n a t i n g  t h e  touchdown p o i n t ;  i t  i s  i n  e f f e c t  a model 
from which may b e  d e r i v e d  a s p e c i f i c a t i o n  f o r  t h e  o p e r a t i o n a l  
c a p a b i l i t y  of  t h e  LM. Both models a r e  compa t ib l e  w i t h  c u r r e n t  
LM c h a r a c t e r i s t i c s  and c a p a b i l i t i e s .  
i n  a s u i t a b l e  format  f o r  i n c l u s i o n  i n  t h e  "Na tu ra l  Environment 
and P h y s i c a l  S t anda rds  f o r  t h e  Apol lo  Program" (NEPSAP), and 
can  r e a d i l y  be r e v i s e d  when n e c e s s a r y  t o  r e f l e c t  changes i n  
p lanned  u s e  o f  t h e  LM or i n  a v a i l a b l e  i n f o r m a t i o n  about  t h e  
l u n a r  s u r f a c e .  It i s  recommended t h a t  t h e y  b e  i n c o r p o r a t e d  
i n t o  t h e  NEPSAP. 

These models a re  developed  

The t h i r d  model, a "Lunar S u r f a c e  Model f o r  Landing 
S i t e  E v a l u a t i o n " ,  i s  d e r i v e d  from t h e  f i r s t  two i n  such  a manner 
as t o  a l l o w  t h e  p l a n n e r  t o  back o f f  from t h e  wors t -case  demands 
upon t h e  LM and crew c a p a b i l i t i e s  and s p e c i f y  as h o s p i t a b l e  o r  
"easy" a s u r f a c e  as i s  d e s i r e d .  T h i s  model i s  s u i t a b l e  f o r  
i n c l u s i o n  i n  a n  Apollo Program S i t e  S e l e c t i o n  Cr i t e r i a  document. 
It i s  recommended t h a t  i t  form t h e  basis  f o r  p r e p a r a t i o n  of  
such  a document by NASA Headquar te rs  or MSC.  
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INTRODUCTION 

This discussion presents a logical development leading 
to models of the lunar surface suitable for inclusion in the 
"Natural Environment and Physical Standards for the Apollo Pro- 
gram" (NEPSAP) and other program control documents. The surface 
characteristics to be described and the uses envisioned for the 
models fall more or less naturally into three classes; three 
models are therefore developed. 

The first describes the properties of the surface that 
determine its mechanical interaction with the landing vehicle. 
The model presented here essentially reproduces the specifica- 
tion surface to which the Apollo Lunar Module structure has 
been designed and built; it thus represents, in terms of values 
assigned to appropriate parameters, a worst-acceptable surface 
for that vehicle. 

The second model describes the worst-acceptable dis- 
tribution of acceptable surface (as characterized in the first 
model) in the vicinity where landing is desired. This descrip- 
tion is provided in terms of the capability of the Lunar Module 
and crew to fly to a landing point, as limited by uncertainties 
in guidance and control, by visibility of surface features, and 
by propellant quantity. Current LM guidance capability, opera- 
tional concepts, and descent and landing strategy are assumed 
in formulating a simple match of the surface to the capability. 

The third model is derived from the first two, with 
the surface characteristics that were developed in the struc- 
tural and operational models here rearranged somewhat into 
separate measurable quantities. The limiting numerical values 
of these for a given mission may then be filled in in advance, 
to specify the worst surface it is desired to attempt to cope 
with on that particular flight. Available data on different 
parts of the lunar surface may then be compared to the criteria 
provided in the model in order t o  select a Landing Site that 
meets the specification. 
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Conc lus ions  and Recommendations 

Three c l o s e l y  r e l a t e d  d e s c r i p t i o n s  o f  a l u n a r  s u r f a c e  
have  been deve loped ,  e a c h  w i t h  a d i f f e r e n t  p o i n t  o f  view and 
pu rpose .  I n  t h e  development,  a number of a s sumpt ions  were found 
t o  be n e c e s s a r y  conce rn ing  r e l a t i o n s h i p s  and c o r r e l a t i o n s  o f  
some o b s e r v a b l e  s u r f a c e  c h a r a c t e r i s t i c s .  The numer i ca l  v a l u e s  
a s s o c i a t e d  w i t h  t hese  assumpt ions  may l a t e r  p rove  t o  be  i n  e r r o r  
b u t  t h i s  does  n o t  i n v a l i d a t e  t h e  n a t u r e  o r  t h e  a p p r o p r i a t e n e s s  
o f  t h e  a s sumpt ions .  Hence, t h e  a c q u i s i t i o n  o f  a d d i t i o n a l  data  
on t h e  l u n a r  s u r f a c e  w i l l  a l l ow ad jus tmen t  and u p d a t i n g  of  t h e  
models b u t  shou ld  n o t  r e q u i r e  s i g n i f i c a n t  change t o  t h e i r  s t r u c -  
t u r e .  Should r a d i c a l l y  d i f f e r e n t  LM d e s c e n t  s t r a t e g y  or touch-  
down t e c h n i q u e s  be adopted  the  models would p robab ly  have to be 
m o d i f i e d ,  b u t  t h e  b a s i c  approach  o f  d e v e l o p i n g  t h e  models as 
l i m i t i n g  or wors t  c a s e s  i n  terms of t h e  s t r u c t u r a l  and o p e r a t i o n a l  
c a p a b i l i t i e s  of t h e  LM appea r s  t o  be  v a l i d  and n e c e s s a r y .  The 
models appear,  t h e n ,  t o  b e  g e n e r a l  and d u r a b l e .  They a l s o  are  
b e l i e v e d  t o  meet a n  immediate program need .  It i s  t h e r e f o r e  
recommended t h a t  t h e  f i rs t  and second models ( E n c l o s u r e  (1) ) be 
i n c o r p o r a t e d  i n t o  t h e  NEPSAP. They a re  numbered to r e p l a c e  t h e  
e x i s t i n g  s e c t i o n s  t h e r e i n .  It i s  recommended t h a t  t h e  t h i r d  
model ( E n c l o s u r e  ( 2 )  ) be  used as t h e  a p p r o p r i a t e  s e c t i o n  i n  a 
S i t e  S e l e c t i o n  Cr i te r ia  document f o r  t h e  Apollo Program. 

Some f u r t h e r  comments and recommendations a re  appro-  
p r i a t e  w i t h  r e s p e c t  t o  t h e  a s sumpt ions ,  and t h e  l a c k  of  informa- 
t i o n  c h a r a c t e r i z i n g  them, d i s c u s s e d  above .  It seems i n c o n t r o -  
v e r t i b l e  t h a t  t h e  c r i t e r i a  t o  b e  used f o r  s e l e c t i o n  and r e j e c t i o n  
o f  l a n d i n g  s i t e s  f o r  Apollo must be  s t a t ed  i n  terms o f  s u r f a c e  
c h a r a c t e r i s t i c s  t h a t  can  be measured b y  unmanned p r o b e s .  It seems 
h i g h l y  d e s i r a b l e  t h a t  such  c r i t e r i a  r e f l e c t  i n  a s i m p l e  manner 
t h e  c o n s t r a i n t s  imposed upon t h e  l a n d i n g  v e h i c l e  by  i t s  s t r u c t u r a l  
and mechanica l  l i m i t a t i o n s ,  and by t h e  w i l l i n g n e s s  of  p l a n n e r s  
and f l i g h t  crews on a g iven  m i s s i o n  t o  t a x  t h e  c a p a b i l i t i e s  o f  
t h e  v e h i c l e  and f l i g h t  crew w i t h i n  t h o s e  l i m i t a t i o n s .  While t h i s  
memorandum deve lops  s t r u c t u r a l  and o p e r a t i o n a l  l i m i t i n g  models 
o f  t h e  l u n a r  s u r f a c e  and from them a s i t e - s e l e c t i o n  model t h a t  
has these  des i rab le  p r o p e r t i e s ,  t h e r e  appear t o  be t h ree  g e n e r a l  
areas of  o b s e r v a t i o n  and measurement i n  which improved data  are  
needed .  

The f i r s t  concerns  t h e  means of making t h e  comparison 
mentioned i n  t h e  I n t r o d u c t i o n  between t h e  c r i t e r i o n  and t h e  da ta  
i n  t h e  s i t e  e v a l u a t i o n  p r o c e s s .  When t h e r e  i s  a d e q u a t e  informa- 
t i o n  o f  s u f f i c i e n t l y  h i g h  r e s o l u t i o n  t h i s  comparison can  be a 
s i m p l e  p o i n t - t o - p o i n t  ana logue  mat te r ,  b u t  when t h e  r e c o n n a i s s a n c e  
photography a v a i l a b l e  on a des i r ed  s i t e  cannot  show o b s t a c l e s  o f  
t h e  smallest  s i z e  r ecogn ized  i n  t h e  model a problem a r i ses .  Much 
work has already been done on t h e  development o f  s t a t i s t i c a l  mod- 
e l s  o f  v a r i o u s  t y p e s  of l u n a r  t e r r a i n  i n  terms of  p r o b a b i l i t y  
d i s t r i b u t i o n s  of t h e  s izes  o f  f e a t u r e s  ( c r a t e r s ) ,  and t h e  g r a d u a l  
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appea rance  o f  data  o f  h ighe r  r e s o l u t i o n  has shown t h a t  t h e s e  
d i s t r i b u t i o n s  can  w i t h  f a i r  v a l i d i t y  be e x t r a p o l a t e d  t o  smaller 
s i z e s  t h a n  are i n c l u d e d  i n  t h e  data.  A t r a n s f o r m a t i o n  i s  needed 
between d i s t r i b u t i o n s  of  t h i s  s o r t  and t h e  maximum-/minimum- 
d i s t a n c e  c h a r a c t e r i z a t i o n  of t h e  s u r f a c e  deve loped  i n  t h i s  
Memorandum. The a u t h o r s  recommend t h a t  some a n a l y t i c a l  s t u d i e s  
b e  car r ied  o u t  t o  e s t ab l i sh  t h i s  co r re spondence  and p r o v i d e  a 
formal i sm g i v i n g  a r e a s o n a b l e  d e g r e e  of  c o n f i d e n c e  i n  s i t e  
s e l e c t i o n  f rom data whose r e s o l u t i o n  i s ,  as i s  f r e q u e n t l y  t h e  
c a s e ,  "not  q u i t e  h i g h  enough". 

The second r e g i o n  o f  u n c e r t a i n t y  and assumpt ion  con- 
c e r n s  t h e  r e l a t i v e  v i s i b i l i t y  o f  Good Regions and Hazards and 
o f  Touchdown S p o t s  and Hazards  ( s ee  t h e  d i s c u s s i o n  unde r  Devel- 
opment of t h e  Models f o r  d e f i n i t i o n s  of  t hese  t e r m s ) .  Most o f  
t h e  work done t o  date  on v i s i b i l i t y  seems t o  have been d i r e c t e d  
e i t h e r  toward c o n s t r u c t i o n  of g r o s s  p h o t o m e t r i c  f u n c t i o n s  or 
toward  e s t i m a t i n g  v i s i b i l i t y  ( i . e . ,  c o n t r a s t )  of i n d i v i d u a l  
f e a t u r e s  under  v a r i o u s  l i g h t i n g  and v iewing  g e o m e t r i e s .  A 
matter o f  immediate conce rn ,  however, i s  t h e  f l i g h t  c r ews '  a b i l -  
i t y  t o  r e c o g n i z e  good or bad t e r r a i n  a t  t h e  p o i n t  t o  which t h e  
LM i s  g u i d i n g  i t s e l f ,  from t h e  H i  Gate and Lo Gate p o i n t s  i n  
t h e  d e s c e n t .  T h i s  p r o b a b l y  can on ly  be  e v a l u a t e d  p r o p e r l y  b y  
t h e  human e y e b a l l  i n  s i t u ;  t h e  n e x t  best  t h i n g  i s  photography 
p lanned  f o r  t h e  pu rpose ,  and Lunar O r b i t e r  l o o k s  l i k e  t h e  c u r r e n t  
e x p e r i m e n t a l  program most c a p a b l e  o f  p r o v i d i n g  t h e  needed 
i n f o r m a t  i o n .  

- 

The t h i r d  area o f  concern i s  t h a t  o f  t h e  c o r r e l a t i o n  
of p h o t o g r a p h i c  data  w i t h  s u r f a c e  mechanica l  p r o p e r t i e s .  While 
i t  p r o b a b l y  a l ready  i s  j u s t i f i a b l e ,  as i s  s u g g e s t e d  i n  t h e  l a t e r  
d i s c u s s i o n ,  t o  assume t h a t  t h e  moon's s u r f a c e  i s  a c t u a l l y  s u f f i -  
c i e n t l y  f i r m  on any s p o t  t ha t  l o o k s  s u f f i c i e n t l y  f i r m ,  t h e r e  
s h o u l d  be more i n f o r m a t i o n  and more e x p l i c i t  i n f o r m a t i o n  i n  
c o r r o b o r a t i o n .  High r e s o l u t i o n  Lunar O r b i t e r  photography on 
l a n d e d  Surveyor s  and Luniks  i s  t h e  medium t h a t  appears most fea- 
s i b l e  a t  p r e s e n t .  It i s  recommended t h a t  a s i g n i f i c a n t  p o r t i o n  
of  t h e  p h o t o g r a p h i c  m i s s i o n  of  a t  l e a s t  one Lunar O r b i t e r  be 
d e s i g n e d  t o  p r o v i d e  i n f o r m a t i o n  i n  t h e  two areas j u s t  d i s c u s s e d ,  
and t h a t  a l l  O r b i t e r  and Surveyor pho tographs  and data  be  s o  

. a n a l y z e d  as t o  maximize t h e  amount a v a i l a b l e  o f  such  i n f o r m a t i o n .  

It i s  shown i n  t h e  d i s c u s s i o n  t h a t  problems o f  v i s i -  
b i l i t y  and avo idance  o f  dangers  i n  t h e  l a n d i n g  area lead t o  
r e q u i r e m e n t s  on f l i g h t  crew t r a i n i n g .  The degree t o  which en- 
hancement of  t h e  crews' d i s c r i m i n a t i o n  and r e d e s i g n a t i o n  c a p a b i l i t y  
can  m i t i g a t e  demands f o r  s u r f a c e s  t h a t  a re  a lmos t  p e r f e c t ,  and 
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on which terrain features are easily discernible, is not known. 
It is recommended that this tradeoff between flight crew require- 
ments and landing site requirements be analyzed in cooperation 
with the people responsible f o r  planning and implementing flight 
crew training at the Manned Spacecraft Center. 

DEVELOPMENT OF THE MODELS 

LUNAR SURFACE MODEL FOR SURFACE INTERACTION 

The Touchdown Point 

The smallest element of the surface that is signifi- 
cant as an entity is that occupied by a LM in normal landed 
attitude on the surface. It is taken to be a circle of diameter 
30 feet ( 9  meters), the diagonal of the LM foot pad array (5.8.1).* 
We specify that the surface supports the LM without too much 
penetration by the pads (5.8.1.2, 5.8.1.4, 5.8.1.5), that it 
supports the LM at an acceptable inclination for surface opera- 
tions and subsequent ascent (5.8.1.1), and that the surface 
material does not project upward between the pads enough to dam- 
age the LM (5.8.1.2). Since the LM cannot be constrained t o  
touch down with zero horizontal velocity it is necessary to bound 
the magnitudes of the horizontal interaction forces, to prevent 
sliding excessive distances and possibly to limit the structural 
loading (5.8.1.3). We call the element so described a "Touch- 
down Point" and locate it by the coordinates of its center. 

LUNAR SURFACE MODEL FOR LANDING APPROACH OPERATIONS 

The Touchdown Spot 

An isolated Touchdown Point is not big enough to land 
on, for several reasons: the crew cannot control the LM precisely 
enough t o  hit such a small element; the crew probably could not 
see such a small element from the point at which they take over 
manual control of the vehicle (Lo Gate); and the LM is likely t o  
slide on the surface before coming to rest. We therefore de- 
scribe a larger element as the minimum on which we will try to 

*The numbers in parentheses in this and subsequent paragraphs 
refer to the identically numbered items in the specimen 
models contained in the attached Enclosures (1) and (2). 
Enclosure (1) is numbered as a replacement section for the 
NEPSAP. 
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l a n d ,  and r e q u i r e  t h a t  eve ry  9-meter c i r c l e  w i t h i n  i t  be a Touch- 
down P o i n t  having  t h e  c h a r a c t e r i s t i c s  d e s c r i b e d  above .  About 
t h ree  t imes t h e  diameter of  t h e  Touchdown P o i n t  i s  a n  a p p r o p r i a t e  
s i z e  c o n s i s t e n t  w i t h  t h e  r e s u l t s  o f  s i m u l a t i o n  e x e r c i s e s  t h a t  
have been conducted t o  de t e rmine  t h e  p r e c i s i o n  w i t h  which t h e  LM 
can  be l a n d e d .  We c a l l  t h i s  e lement  a "Touchdown Spo t "  ( 5 . 8 . 2 . 3 )  
and take  i t  t o  b e  a c i r c l e  30 meters ( 1 0 0  f e e t )  i n  diameter.  

D i s t r i b u t i o n  o f  Touchdown Spo t s ;  "Good Region" 

I n  f l y i n g  t h e  LM down t o  t h e  s u r f a c e  there  comes a p o i n t  
where, i f  t h e r e  i s  n o t  a n  a c c e p t a b l e  p l a c e  t o  l a n d  w i t h i n  r e a c h ,  
t h e  crew must a b o r t  t h e  l a n d i n g  and r e t u r n  t o  o r b i t .  The e x a c t  
i n s t a n t  by which t h i s  d e c i s i o n  must be made w i l l  v a r y  w i t h  t h e  
m i s s i o n ;  it i s  here  t a k e n  c o n s e r v a t i v e l y  and for convenience  t o  
be  a t  Lo Gate. "Within r each"  i s  assumed t o  mean b o t h  i n  t h e  
C r e w  Commander's f i e l d  o f  view and w i t h i n  t h e  h o r i z o n t a l  d i s t a n c e  
c a p a b i l i t y  of t h e  LM from Lo Gate. The Commander's f i e l d  o f  view 
i s  l i m i t e d  ( b y  t h e  window) t o  t h e  r e g i o n  g e n e r a l l y  t o  t h e  l e f t  
of  and n o t  t o o  f a r  from t h e  tZ a x i s  o f  t h e  LM. The normal h o r i -  
z o n t a l  t r a n s l a t i o n  of  t h e  LM from Lo Gate t o  touchdown i s  abou t  
1 2 0 0  f e e t  ( 3 7 0  m e t e r s ) ;  i t  has c a p a b i l i t y  f o r  v a r i a t i o n  of about  
300  meters i n  t h e  downrange.and c r o s s r a n g e  d i r e c t i o n s .  Uprange 
r e d e s i g n a t i o n  i s  r e j e c t e d  because  t h e  maneuver d r o p s  t h e  l a n d i n g  
p o i n t  o u t  of t h e  f i e l d  of  view. Crossrange  r e d e s i g n a t i o n  w i t h -  
o u t  a co r re spond ing  downrange component r e q u i r e s  e x c e s s i v e  roll 
a n g l e ,  and i s  a l s o  e l i m i n a t e d .  The r e g i o n  t h a t  r ema ins  w i t h i n  
r e a c h  i s  e s s e n t i a l l y  a quadran t  300 meters i n  r a d i u s  l y i n g  between 
1 0  o ' c l o c k  and 1 o ' c l o c k  r e l a t i v e  t o  a p o i n t  370 m e t e r s  dead ahead. 
I f  t he re  i s  t o  b e  a l a n d i n g ,  t h e n ,  t h e r e  must be a Touchdown Spo t  
w i t h i n  t h i s  r e g i o n  r e l a t i v e  t o  t h e  p o i n t  a t  which t h e  LM comes 
t o  Lo Gate. A d i s t r i b u t i o n  o f  Touchdown S p o t s  hav ing  t h i s  prop-  
e r t y  w i t h  r e s p e c t  t o  every  p o i n t ,  and w i t h  a minimum number o f  
Touchdown S p o t s  p e r  u n i t  a r e a ,  i s  t h e  a r t i f i c i a l l y  r e g u l a r  p a t -  
t e r n  i n  which t h e  Touchdown Spo t s  are e q u i d i s t a n t  ( i . e . ,  a t  t h e  
v e r t i c e s  o f  a close-packed a r r a y  o f  e q u i l a t e r a l  t r i a n g l e s )  and 
t h e  c e n t e r s  are  250 meters a p a r t .  I n  such  a d i s t r i b u t i o n ,  w i t h  
t h e  Touchdown S p o t s  30 meters i n  diameter, t h e  c e n t e r  of  e a c h  
t r i a n g l e  i s  about  125  m e t e r s  from t h e  n e a r e s t  p o i n t s  o f  t h e  Touch- 
down S p o t s  a t  t h e  t r i a n g l e ' s  v e r t i c e s .  125 meters i s  t h u s  t h e  
g rea t e s t  d i s t a n c e  from any p o i n t  on t h i s  s u r f a c e  t o  a Touchdown 
S p o t .  T h i s  number, c h a r a c t e r i s t i c  o f  t h i s  minimum-density d i s -  
t r i b u t i o n  of  Touchdown S p o t s ,  may t h e n  be a p p l i e d  as a c r i t e r i o n  
t o  any d i s t r i b u t i o n .  A s u r f a c e  on which no p o i n t  l i e s  f a r t h e r  
t h a n  125  meters from a Touchdown Spot  meets or b e a t s  a r e q u i r e -  
ment t h a t  t he re  be  a Touchdown Spot " w i t h i n  r e a c h "  ( a s  d e f i n e d  
above)  i n  any s p e c i f i e d  d i r e c t i o n  from a p o i n t  s e l e c t e d  a t  random. 
I n  a l a n d i n g  area t h a t  meets such  a r equ i r emen t  i t  w i l l  make no 
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d i f f e r e n c e  where t h e  LM comes t o  Lo Gate ;  a l a n d i n g  can  a l w a y s  
be made. 
t i o n s  a r e g i o n  where eve ry  p o i n t  i s  w i t h i n  1 2 5  m e t e r s  o f  a Touch- 
down Spot  i s  c a l l e d  a "Good Region" ( 5 . 8 . 2 . 2 ) .  

I n  t h e  Lunar Sur face  Model f o r  Landing Approach Opera- 

Note t h a t  t h e  e x a c t  d i s t r i b u t i o n  and d e n s i t y  o f  Touch- 
down S p o t s  i n  t h i s  benevo len t  r e g i o n  i s  n o t  s p e c i f i e d :  i t  can  be  
a n y t h i n g  from a s c a t t e r i n g  o f  t h e  minimum 30-meter c i r c l e s  to a 
s u r f a c e  composed e n t i r e l y  o f  Touchdown P o i n t s .  An i n t e r m e d i a t e  
d i s t r i b u t i o n  o f t e n  d i s c u s s e d  and c o n s l d e r e d  des i r ab le  i s  cnc where 
t h e  s u r f a c e  c o n s i s t s  a lmost  e n t i r e l y  o f  Touchdown P o i n t s  b u t  con- 
t a i n s  a s c a t t e r i n g  o f  o b s t a c l e s  on which l a n d i n g  i s  n o t  f e a s i b l e .  
Such o b s t a c l e s  can  e v i d e n t l y  b e  o f  any s i z e ,  from s i n g l e  r o c k s  
t o  rough areas o f  c o n s i d e r a b l e  e x t e n t .  (The t e r m  "hazard"  nas 
sometimes been a p p l i e d  t o  any rough  areas  or o b s t a c l e s  t h a t  would 
i n t e r f e r e  w i t h  l a n d i n g ;  s i n c e  t h a t  word i s  r e s t r i c t e d  i n  t h i s  
d i s c u s s i o n  t o  a p a r t i c u l a r  wel l -def ined  s i z e  of  o b s t r u c t i o n ,  t h e s e  
g e n e r a l  bad areas w i l l  here be c a l l e d  s imply  "Rough S p o t s " . )  It 
i s  s e e n  immedia te ly  t h a t  t h e  p re sence  o f  a Rough Spot  l a r g e  enough 
t o  c o n t a i n  a c i r c l e  250  meters i n  diameter  d e s t r o y s  t h e  b e n e v o l e n t  
charicter nf' t h e  reg in^; if t h e  L.M r p i ~ h p  LQ Gate a i m e d  =it. some 
p o i n t s  i n  t h e  i n t e r i o r  o f  such a l a r g e  Rough Spo t ,  t he re  i s  no 
Touchdown Spot  w i t h i n  r e a c h .  It i s  a l s o  a p p a r e n t  t h a t  t h e  s p a c i n g  
o f  t h e  Rough S p o t s  has to be  such  t h a t  t h e  a c c e s s i b l e  areas  between 
them are  b i g  enough to s e e  and l a n d  on;  t h e  smallest a l l o w a b l e  
s i z e  of  each  such  a c c e s s i b l e  a r e a ,  i f  i t  i s  t o  be  u s a b l e ,  i s  t h a t  
of t h e  Touchdown Spo t .  O b s t a c l e s  o f  n e g l i g i b l e  area ( e . g . ,  s i n g l e  
r o c k s )  would r e a c h  a maximum a l l o w a b l e  d e n s i t y  i n  a n  a r t i f i c i a l  
r e g u l a r  hexagonal  d i s t r i b u t i o n  p a t t e r n ,  w i t h  t h e  s e p a r a t i o n  Setween 
a d j a c e n t  r o c k s  j u s t  15 meters and a Touchdown Spot  c e n t e r e d  i n  
e a c h  hexagon o f  t h e  p a t t e r n .  I n  a d i s t r i b u t i o n  o f  t h i s  n a t u r e ,  
i f  some o f  t h e  o b s t a c l e s  were t o  be  so  c l o s e  t o g e t h e r  t h a t  t h e  
c l e a r  a r e a s  between them, a l t h o u g h  c o n t a i n i n g  Touchdown P o i n t s ,  
d i d  n o t  p r o v i d e  a Touchdown Spot ,  t h e n  t h e  whole se t  o f  o b s t a c l e s  
i n v o l v e d  would have t o  be  t r e a t e d  as a s i n g l e  Rough S p o t .  
models do  n o t  c o n t a i n  e x p l i c i t  ment ion  o f  Rough S p o t s ,  s i n c e  a l l  
of  t h e  above i n f e r e n c e  conce rn ing  them f o l l o w s  d i r e c t l y  from t h e  
d e f i n i t i o n  o f  Good Region. 

The 

It shou ld  b e  no ted  that  t h e  d i f f e r e n c e  between a s u r f a c e  
t h a t  j u s t  meets t h e  c r i t e r i o n  and i s  Good Region and one t h a t  
j u s t  f a i l s  t o  meet t h e  c r i t e r i o n  i s  i n f i n i t e s i m a l .  T h i s  i s  t r u e  
r e g a r d l e s s  o f  t h e  n a t u r e  o f  t h e  s u r f a c e :  whether i t  i s  smooth 
w i t h  s c a t t e r e d  r o c k s  or rough w i t h  s c a t t e r e d  smooth p l a c e s .  

Hazards  

I f  a Good Region were l a r g e  enough t o  g e t  i n t o  on a u t o -  
m a t i c  gu idance  a l o n e  ( i . e . ,  a t  l e a s t  b i g  enough t o  e n c l o s e  t h e  
g u i d a n c e / n a v i g a t i o n  e r r o r  boundary) , t h e  p r o v i s i o n  o f  v i s i b i l i t y  
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at  H i  Gate would be unnecessa ry ;  t h e  Powered Descent  c o u l d  b e  
f lown i n  a propellant-minimum mode a l l  t h e  way t o  Lo Gate. A s  
i t  i s  o p e r a t i o n a l l y  unnecessary  and may be unduly r e s t r i c t i v e  
t o  r e q u i r e  t h a t  any v e r y  l a r g e  area b e  composed e n t i r e l y  of  Good 
Region,  we do n o t  r u l e  out  t h e  p o s s i b i l i t y  of  t h e  p r e s e n c e ,  i n  
t h e  v i c i n i t y  o f  t h e  des i r ed  l a n d i n g  p o i n t ,  o f  Rough S p o t s  whose 
i n s c r i b e d  c i r c l e s  would be g r e a t e r  i n  diameter t h a n  250 meters. 
The term "Hazard" i s  r e s e r v e d  f o r  such  areas i n  t h i s  model.  
S i n c e  t h e  LM may n o t  be  a b l e  t o  l a n d  i f  i t  comes t o  Lo Gate aimed 
at  some p o i n t s  i n  t h e  i n t e r i o r  o f  a Hazard,  i t  i s  n e c e s s a r y  t h a t  
these p o i n t s  be  a v o i d a b l e  and h i g h l y  d e s i r a b l e  t h a t  t h e  e n t i r e  
Hazard be a v o i d a b l e  from some p o i n t  b e f o r e  Lo Gate. The e a r l i e s t  
i n s t a n t  a t  which t h e  crew can know t h a t  t h e  LM i s  b e i n g  gu ided  
i n t o  a Hazard i s  H i  Gate, t h e  p o i n t  a t  which t h e  LM i s  f i r s t  
p i t c h e d  down t o  a f f o r d  t h e  crew a l o o k  a t  t h e  l a n d i n g  area. 
uppe r  bound on s i z e  o f  a n  a v o i d a b l e  Hazard i s  p r o v i d e d ,  t h e n ,  
t h e  avo idance  ( i . e . ,  r e d e s i g n a t i o n )  c a p a b i l i t y  o f  t h e  LM at  H i  
Gate. 
t o  b e  1 0 0 0  meters i n  any d i r e c t i o n ,  a l t h o u g h  i t  i s  r ecogn ized  
t h a t  t h e  r e d e s i g n a t i o n  p a t t e r n  i s  n o t  symmetr ica l  i n  t h e  up/ 
downrange directinn 2nd t h a t  its size depends upon t h e  a l t i t u d e  
o f  H i  Gate. For t h e  model, t h e n ,  t h e  s i z e  of a n  a v o i d a b l e  
Hazard i s  bounded by  t h e  c o n d i t i o n s  t h a t  i t  c o n t a i n s  p o i n t s  
f a r t h e r  t h a n  1 2 5  meters from any Touchdown Spot b u t  no p o i n t s  
f a r t h e r  t h a n  1 0 0 0  meters from a Touchdown Spot  ( 5 . 8 . 2 . 4 ) .  Note 
t h a t  a Hazard so d e f i n e d  i s  not  n e c e s s a r i l y  round l i k e  a c r a t e r ;  
it may b e  a v a l l e y  or a r i d g e  o f  any l e n g t h  and n o t  a t  a l l  s t r a i g h t ,  
s o  l o n g  as it  i s  2000  m e t e r s  o r  l e s s  i n  e f f e c t i v e  w i d t h .  

The 
b y  

For g e n e r a l i t y  and s i m p l i c i t y  of  t h e  model t h i s  i s  t a k e n  

V i s i b i l i t y  and Spac ing  of Hazards 

J u s t  as t h e  need f o r  a s p o t  s u i t a b l e  t o  t o u c h  down on 
d i c t a t e s  a minimum degree o f  s e p a r a t i o n  f o r  Rough S p o t s ,  t h e  
r e q u i r e m e n t  t h a t  t h e  Good Regions among Hazards be d i s t i n g u i s h -  
ab le  as w e l l  a s  a t t a i n a b l e  d i c t a t e s  a c o n s t r a i n t  on t h e  separa- 
t i o n  and t h e  r e l a t i v e  v i s i b i l i t y  of  Hazards. 
n i t i o n ,  Hazard i s  not  e x p l i c i t l y  d i f f e r e n t  i n  appea rance  from 
Good Region and t h e  v i s u a l  c h a r a c t e r  o f  b o t h  may va ry  o v e r  a 
wide r a n g e ,  no s i m p l e  r u l e  i s  l i k e l y  t o  c o v e r  a l l  cases a c c u r a t e l y .  
A t  one  a r t i f i c i a l  ex t reme,  where t h e  Good Region c o n s i s t s  of  a 
minimum-density s c a t t e r i n g  of minimal Touchdown S p o t s  i n  a gen- 
e r a l l y  rough t e r r a i n ,  a p l a c e  where a few a d j a c e n t  smooth s p o t s  
are  o n l y  29  meters i n  d i ame te r  becomes a Hazard: it i s  u n l i k e l y  
t h a t  such  a t h i n g  would be r e c o g n i z a b l e  even f a i r l y  n e a r  and 
unde r  f a v o r a b l e  l i g h t i n g  c o n d i t i o n s .  
a r t i f i c i a l i t y  here l i e s  i n  t h e  a s sumpt ion  o f  a s h a r p  c u t o f f  i n  
LM c a p a b i l i t y :  i n  t h e  example c i t e d ,  t h e  danger  i n v o l v e d  i n  a t -  
t e m p t i n g  t o  l a n d  on a 29-meter Sub-Touchdown Spot  i s  a c t u a l l y  
o n l y  s l i g h t l y  g r e a t e r  t h a n  t h a t  i n  l a n d i n g  on a 31-meter Super-  
Touchdown S p o t . )  A t  a n o t h e r  ex t reme,  one can imagine  a Good 

S i n c e ,  i n  ou r  d e f i -  

(But n o t e  t h a t  t h e  p r i n c i p a l  
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Region having a maximum density of point obstacles on a surface 
that is otherwise composed entirely of Touchdown Points. Here 
a reduction in the spacing of the rocks around one of the clear 
areas to 14 meters instead of 1 5  makes a Rough Spot almost as 
big as a Touchdown Spot; a few of these together make a Hazard 
that is practically indistinguishable from the surrounding 
Good Region. Again the abrupt transition is artificial and 
arises from the simplifying assumption; the danger in landing 
in one of the undersized clear areas is only a little greater 
than that encountered in a legitimate Touchdown Spot. Toward 
still other extremes, however, the situation may be much more 
favorable (as well as much more realistic): a large very rough 
patch surrounded by flat smooth surface or a large flat patch 
surrounded by very rough surface should be conspicuous and dis- 
tinguishable from considerable distance under suitable lighting 
conditions. The greater the difference in visual character 
between the Good Regions and the Hazards, the easier it will be 
to distinguish between them and the farther away it will be 
possible to do so; also, in a roughly corresponding way, the 
farther away it will be necessary to be able to do so. According 

be recognized as such must be regarded as a single Hazard. It 
is assumed f o r  this model that a parcel of Good Region can be 
detected and recognized under the same viewing conditions as 
can a Hazard of the same size; hence a requirement is placed 
in the model that the minimum separation between two Hazards is 
about the same as the distance across the smaller of the two 
(5.8.2.4). This is arbitrary but represents a sort of minimum 
desirable condition; it points to the need for reexamining this 
question in connection with development of a site selection 
model, but is in itself not relevant to this model unless the 
model is to be used to test the crews' capability of recognition 
in addition to the LM's capability to maneuver. For simulation 
purposes, it may be desired to expand this model to incorporate 
features reflecting the lighting and photometric qaalities of 
the lunar surface. In that case, further definition of the proc- 
ess of recognition of actual surface elements and the transposi- 
tion of them into acceptable/non-acceptable area classifications 
would be required. Better photographic coverage of the lunar 
surface is judged to be essential to this definition and to the 
development of useful and more exact rules for the spacing of 
Hazards and Good Regions. In any case the relative visibility 
of Good Regions and Hazards will ultimately depend upon the 
particular region being examined and the lighting conditions and 
LM altitude and range assumed. 

to 0 1 2 ~  C Q R C ~ F ~ ,  ~ X S  E S Z ~ T ~ S  s ~ p a r a t e d  by Good liegfoii tiiztt caiir:oi 
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Landing S i t e ;  L a r g e s t  Allowable Hazard 

If t h e  crew were t o  make no l a n d i n g  p o i n t  r e d e s i g n a t i o n  
n o r  o t h e r  i n t e r f e r e n c e ,  t h e  p r o b a b i l i t y  t h a t  t h e  LM gu idance  
s y s t e m  a l o n e  would b r i n g  t h e  LM t o  a l a n d i n g  a t  any g i v e n  p o i n t  
on t h e  l u n a r  s u r f a c e  would b e  r e p r e s e n t e d  by a p r o b a b i l i t y  d i s -  
t r i b u t i o n  a round t h e  Ta rge ted  Touchdown P o i n t .  T h i s  d i s t r i b u t i o n  
i s  t h e  r e s u l t  o f  gu idance  e r r o r s ,  n a v i g a t i o n  e r r o r s ,  mapping 
e r r o r s ,  e r r o r s  i n  c o o r d i n a t e  t r a n s f o r m a t i o n s ,  e t c .  The Ta rge ted  
Touchdown P o i n t  i t s e l f  would become a l i n e  segment 8 to 1 0  mi l e s  
l o n g  i n s t e a d  of  a f i x e d  p o i n t  i f  a r a n g e - f r e e  t r a j e c t o r y  were 
to be adop ted .  A c o n s t a n t - p r o b a b i l i t y  boundary i s  l i k e l y  t o  b e  
shaped l i k e  a n  e l l i p s e  or a " s t r e t c h e d "  e l l i p s e ;  it i s  assumed 
here t h a t  t h e  T T 3 a T 1  or rrNa'r boundary i s  some r e a s o n a b l e  smooth 
approx ima t ion  t o  such  a curve  and e n c l o s i n g  t h e  same t o t a l  prob-  
a b i l i t y  as w i t h  normal d i s t r i b u t i o n s .  

It i s  assumed tha t  a l l  r e a s o n a b l y  p r o b a b l e  l a n d i n g  
p o i n t s  l i e  w i t h i n  t h e  30 n a v i g a t i o n  e r r o r  boundary;  t h e  model 
c a l l s  t h e  r e g i o n  t h u s  bounded t h e  Landing S i t e  ( 5 . 8 . 2 . 1 )  and 

t h e r e i n .  S i n c e  a t  H i  Gate the  LM may w i t h  r e a s o n a b l e  p r o b a b i l i t y  
b e  found to be  aimed a t  any p o i n t  i n  t h e  S i t e ,  i n c l u d i n g  t h e  
r e m o t e s t  i n t e r i o r  p o i n t  o f  any Hazard,  t o  a s s u r e  an  e q u a l l y  rea- 
s o n a b l e  p r o b a b i l i t y  of  s u c c e s s f u l  l a n d i n g  i t  i s  n e c e s s a r y  t h a t  
t h e r e  be no Hazard l a r g e r  t han  t h e  "maximum" ( 2 0 0 0  meters e f f e c -  
t i v e  w i d t h )  w i t h i n  t h i s  boundary ( 5 . 8 . 2 . 4 ) .  

de f i ces  l imits or! t h e  d i s t r i b u t i G n  cf Good Ezgions 2nd Hazards 

Landing Approach P a t h  

To complete  t h e  m o d e l ,  t h e  s u r f a c e  shou ld  b e  p r e s c r i b e d  
i n  t h e  e n t i r e  r e g i o n  t h a t  can i n f l u e n c e  t h e  v e h i c l e ' s  approach  
per formance  b y  way of t h e  Landing Radar u p d a t e  of t h e  gu idance  
sys tem.  The r e g i o n  a f f e c t i n g  t h e  Landing Radar i n  approach ing  
a l a n d i n g  p o i n t  i s  e s s e n t i a l l y  i n  t h e  shape  of  a l o n g  t r i a n g l e .  
The l e n g t h  o f  t h i s  t r i a n g l e  i s  de te rmined  by t h e  d i s t a n c e  from 
t h e  l a n d i n g  p o i n t  a t  which the  radar becomes e f f e c t i v e .  The 
w i d t h  of  t h e  t r i a n g l e  benea th  each  p o i n t  of t h e  t r a j e c t o r y  co r -  
r e s p o n d s  t o  t h e  w i d t h  of  t h e  Landing Radar beam p a t t e r n  on t h e  
s u r f a c e ;  t h i s  w i d t h  i s  approx ima te ly  p r o p o r t i o n a l  t o  t h e  a l t i t u d e  
o f  t h e  LM. Because of t h e  u n c e r t a i n t y  i n  t h e  l o c a t i o n  of  t h e  
LM's  approach  t r a j e c t o r y  d e s c r i b e d  above,  t h e  Approach P a t h  for 
a p a r t i c u l a r  m i s s i o n  i n c l u d e s  a l l  o f  t h e  Landing S i t e  p l u s  an  
area swept o u t  by  t r a n s l a t i n g  t h e  n e a r  edge of  t h e  Landing S i t e  
uprange  a d i s t a n c e  e q u a l  t o  t h a t  i n  which t h e  Landing Radar i s  
employed by  t h e  gu idance  system. The uprange  t r a n s l a t i o n  i s  
a l o n g  a l l  t h e  p o s s i b l e  LM approach az imuths  f o r  t h e  m i s s i o n .  
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The widening  o f  t h e  Landing Radar beam p a t t e r n  on the  s u r f a c e  
when t h e  LM i s  a t  h i g h e r  a l t i t u d e s  produces  an  a d d i t i o n a l  broad-  
e n i n g  i n  t h e  uprange d i r e c t i o n .  The Landing Approach P a t h  i s  
u s u a l l y  d e s c r i b e d  i n  t e rms  o f  t h e  d i s t a n c e  ove r  which t h e  spec-  
i f i c a t i o n  must a p p l y ,  t h e  mean s l o p e ,  t h e  l o c a l  s l o p e ,  and t h e  
maximum l o c a l  a l t i t u d e  d e v i a t i o n  as a f u n c t i o n  o f  t h e  d i s t a n c e  
t o  t h e  l a n d i n g  p o i n t .  Only i n t e r i m  g u i d e l i n e s  a r e  a v a i l a b l e  a t  
p r e s e n t ,  pending  adequa te  a n a l y s e s  of  t e r r a i n - r a d a r - g u i d a n c e  
r e l a t i o n s h i p s .  T h i s  s e c t i o n  i s  t h e r e f o r e  l e f t  open i n  t h e  models 
(5 .8 .2 .5  i n  Enc losu re  (1) and 6 i n  Enc losu re  ( 2 )  1 .  

LUNAR SURFACE MODEL FOR L A N D I N G  SITE EVALUATION 

S e c t i o n s  5 . 8 . 1  and 5 . 8 . 2  o f  Enc losu re  (l), whose d e v e l -  
opment i s  d i s c u s s e d  above,  set f o r t h  models t ha t  r e p r e s e n t  s t r u c -  
t u r a l  and o p e r a t i o n a l  l i m i t i n g  c a s e s  and are t h u s  i n  a s e n s e  
s p e c i f i c a t i o n s  on t h e  LM. S i t e s  t h a t  a r e  much more f a v o r a b l e  
t h a n  t h e s e  l i m i t i n g  c a s e s  w i l l  c e r t a i n l y  be s t r o n g l y  d e s i r e d  f o r  
t h e  f i r s t  f e w  l u n a r  l a n d i n g s ,  w i t h  some r e l a x a t i o n  of  t h e  r e q u i r e -  
ments p o s s i b l y  following a.s e x p e r i p n c p  is g a i n e d ,  It i s  d e s i y e d j  
t h e n ,  t o  deve lop  a s e t  o f  v a r i a b l e  Landing S i t e  E v a l u a t i o n  c r i t e r i a  
t h a t  w i l l  a l l o w  s p e c i f i c a t i o n  o f  a S i t e  o f  any degree  o f  f avor -  
a b l e n e s s  down t o  t h e  wors t  p o s s i b l e  (as  s p e c i f i e d  i n  5 . 8 . 1  and 
5 . 8 . 2 ) .  It a p p e a r s  advantageous t o  a t t e m p t  t o  d e s c r i b e  t h e  s u r -  
f a c e  i n  terms of  t h e  same c h a r a c t e r i s t i c s  as were employed i n  
t h e  p r e v i o u s  models ,  s i n c e  t h e s e  are  t h e  ones t h a t  are s t r u c t u r -  
a l l y  and o p e r a t i o n a l l y  s i g n i f i c a n t  t o  t h e  LM. It a l s o  i s  neces-  
s a r y  t o  d e s c r i b e  t h e  s u r f a c e  i n  terms o f  c h a r a c t e r i s t i c s  t h a t  
can be  measured by means n o t  i n v o l v i n g  manned l a n d i n g s :  Lunar 
O r b i t e r s ,  Su rveyor s ,  pe rhaps  manned o r b i t a l  r e c o n n a i s s a n c e  m i s -  
s i o n s ,  e t c .  With a l i t t l e  rear rangement  and r e s t a t e m e n t ,  t h e  
c h a r a c t e r i s t i c s  used t o  d e s c r i b e  t h e  l i m i t i n g  s u r f a c e s  i n  t h e  
s t r u c t u r a l  and o p e r a t i o n a l  models can be used  i n  a S i t e  E v a l u a t i o n  
model as w e l l .  The v a r i a b l e  n a t u r e  r e q u i r e d  i s  p rov ided  by t h e  
p o s s i b i l i t y  of t h e  i n s e r t i o n  o f  d i f f e r e n t  numbers where it  i s  
d e s i r e d  t h a t  some c h a r a c t e r i s t i c  be l e s s  t h r e a t e n i n g  or l e s s  
d i f f i c u l t  t o  accommodate t h a n  i n  t h e  wors t -case  model. 

Touchdown P o i n t  

The s t r u c t u r a l  model ( 5 . 8 . 1 )  d e f i n e s ,  f o r  t h e  p r e s e n t  
LM d e s i g n  and c u r r e n t l y  planned l a n d i n g  v e l o c i t i e s ,  a Touchdown 
P o i n t  t h a t  i s  t h e  wors t  on which t h e  LM can  l a n d .  A l a n d i n g  
s u r f a c e  t h a t  o f f e r s  something b e t t e r  t h a n  t h i s  i s  needed ,  s o  we 
w r i t e  modi f ied  c r i t e r i a  f o r  t h e  Touchdown P o i n t  ( E n c l o s u r e  ( 2 )  
S e c t i o n  1) .  The s i z e  of it i s  s t i l l  t h e  s m a l l e s t  e lement  ove r  
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whose e x t e n t  w e  need t o  s p e c i f y  t h e  g e n e r a l  s u r f a c e  c h a r a c t e r -  
i s t i c s .  T h i s  i s  a g a i n  t a k e n  t o  be t h e  c i r c l e  c i r c u m s c r i b i n g  t h e  
LM f o o t  pad a r r a y ,  s i n c e  t h i s  i s  t h e  a p p r o p r i a t e  u n i t  f rom which 
t o  deve lop  Touchdown Spot  s i z e  and c h a r a c t e r i s t i c s .  The " e f f e c -  
t i v e  s l o p e "  (5 .8 .1 .1 )  and " e f f e c t i v e  p r o t u b e r a n c e s "  ( 5 . 8 . 1 . 2 )  
canno t  be measured u n t i l  a f t e r  t h e  LM l a n d s ,  s i n c e  t h e y  i n v o l v e  
LM dynamics and s u r f a c e  i n t e r a c t i o n ;  it i s  t h e r e f o r e  n o t  mean- 
i n g f u l  t o  s p e c i f y  t hese  c h a r a c t e r i s t i c s  i n  a s i t e - s e l e c t i o n  
model .  They are s e p a r a t e d  i n  t h i s  model: t h e  e f f e c t s  o f  s u r f a c e  
i r r e g u l a r i t i e s  are  l i m i t e d  by t h e  s u r f a c e  o b j e c t s  r e q u i r e m e n t  (1.2); 
t h e  e f f e c t s  o f  f o o t  pad p e n e t r a t i o n  are  t a k e n  c a r e  o f  i n  1 . 4 ;  
a l l  t h a t  remains  t o  be s p e c i f i e d  i s  a t o p o g r a p h i c  s l o p e  (1.1). 

S i n c e  i t  i s  d e s i r e d  t o  l i m i t  t h e  d i s t a n c e  t h e  LM w i l l  
s l i d e ,  a minimum c o e f f i c i e n t  o f  f r i c t i o n  f o r  h o r i z o n t a l  s l i d i n g  
o f  LM f o o t  pads  i s  s p e c i f i e d  ( 1 . 3 ) .  It i s  a l s o  p o s s i b l e  and 
may be a p p r o p r i a t e  t o  s p e c i f y  a n  upper  l i m i t  t o  t h e  c o e f f i c i e n t  
o f  f r i c t i o n .  While t h i s  may be a l lowed  t o  be  e f f e c t i v e l y  i n f i -  
n i t e  as i n  t h e  s t r u c t u r a l  model ,  i f  o p e r a t i o n a l  c o n s t r a i n t s  
s h o u l d  be r e l a x e d  so  as t o  p e r m i t  h i g h e r  h o r i z o n t a l  v e l o c i t y  

s t resses  i n  t h e  LM s t r u c t u r e  by p l a c i n g  some o t h e r  l i m i t  on t h e  
c o e f f i c i e n t  o f  f r i c t i o n .  The specimen model o f f e r s  a s i m p l e  
uppe r  l i m i t  s t a t e m e n t  ( 1 . 3 ) ;  a l t e r n a t i v e s  would be  a n o - l i m i t  
s t a t e m e n t  as i n  t h e  s t r u c t u r a l  model,  or a s t a t e m e n t  t h a t  t h e  
p r o t u b e r a n c e s  and d e p r e s s i o n s  a re  o f  such  s i z e  and d i s t r i b u t i o n  
t ha t  a s l i d i n g  LM f o o t  pad w i l l  n o t  - a t  any p o i n t  s e i z e ,  e t c .  
It a p p e a r s  t h a t  a homogeneity r equ i r emen t  may a l s o  a t  times 
be a p p r o p r i a t e :  a d i s c o n t i n u o u s  t r a n s i t i o n  a f t e r  touchdown from 
a r e l a t i v e l y  s l i p p e r y  r o c k  s u r f a c e  t o  t h e  " s e i z e d "  c o n d i t i o n  
f o r  a f o o t  pad might i nduce  e x c e s s i v e  s t resses  a t  h i g h e r  h o r i -  
z o n t a l  s p e e d s .  

ai ioucildowrl it rnig;,t 'ue des;17ed to 1- . - -c  GL,. " . - " " < h l n  A T , v l n m i n  I l l l l i b  b11C p u a a l u l L  U y L L u I I l L b  

The r e q u i r e m e n t s  on b e a r i n g  s t r e n g t h  of  t h e  s u r f a c e  
( 1 . 4 )  a re  s ta ted i n  e s s e n t i a l l y  t h e  same form as t h e  r e q u i r e m e n t s  
i n  t h e  s t r u c t u r a l  model,  w i thou t  any assumpt ions  as to t h e  com- 
p o s i t i o n  or n a t u r e  of  t h e  s u r f a c e  ma te r i a l .  The i n c r e a s e  i n  
f a v o r a b l e n e s s  r e q u i r e d  f o r  a p a r t i c u l a r  m i s s i o n  may b e  w r i t t e n  
i n  by. i n s e r t i n g  t h e  numbers des i r ed  f o r  a l e s s  p e n e t r a b l e  s u r f a c e .  
A homogeneity r equ i r emen t  might be  p l a c e d  on b e a r i n g  s t r e n g t h  
also, i n  o r d e r  t o  r educe  t h e  d i s p e r s i o n  i n  " e f f e c t i v e  s l o p e " .  

Meaningfu lness  of  Mechanical C r i t e r i a  

A word shou ld  here b e  said abou t  t hese  p u r e l y  mechan- 
i c a l  p r o p e r t i e s  of t h e  s u r f a c e  m a t e r i a l s :  b e a r i n g  s t r e n g t h  
and s u r f a c e  f r i c t i o n .  D e t a i l e d  p robe  measurements of  t h e s e  
q u a l i t i e s  are o b v i o u s l y  going  t o  be ex t r eme ly  s c a r c e ;  i t  seems 
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p r o b a b l e  t h a t  t h e r e  w i l l  never  be a complete  advance sample from 
any Landing S i t e  t o  be used--at  l e a s t  u n t i l  t h e  advent  o f  homing 
gu idance  on p re -p laced  beacons.  It i s  e x p e c t e d ,  however, t h a t  
s u r f a c e  s t r e n g t h  and f r i c t i o n  c h a r a c t e r i s t i c s  w i l l  c o r r e l a t e  
r e a s o n a b l y  w e l l  w i t h  s u r f a c e  appearance  and w i l l  no t  change 
a b r u p t l y  from p o i n t  t o  p o i n t .  It i s  hoped t h a t  c o r r o b o r a t i o n  
o f  t h i s  e x p e c t a t i o n  w i l l  be  o b t a i n e d  from unmanned p r o b e s ,  a l -  
though t h e  i n f o r m a t i o n  a l r e a d y  a v a i l a b l e  t h a t  t h e  l u n a r  s u r f a c e  
i s  s t r o n g  a t  s e v e r a l  wide ly  s e p a r a t e d  s p o t s  w i l l  p robab ly  a l l o w  
u s  t o  make t h e  assumpt ion  t h a t  a p l a c e  t h a t  l o o k s  f i r m  i s  f i r m ,  
i n  t h e  absence  o f  any ev idence  t o  t h e  c o n t r a r y .  The p robab le  
r e a l i t y  remains  t h a t ,  however u n c e r t a i n  i t  i s ,  t h e  e v a l u a t i o n  
of t h e s e  s u r f a c e  c h a r a c t e r i s t i c s  f o r  s i t e - s e l e c t i o n  pu rposes  
w i l l  i n  most c a s e s  be done by a n a l y s i s  o f  photographs .  I n  any 
c a s e  t h e  LM m a i n t a i n s  t h e  c a p a b i l i t y  t o  a b o r t  d u r i n g  and a f t e r  
touchdown, so  t h a t  even i f  t he  s u r f a c e  shou ld  prove  t o  be t r e a c h -  
e r o u s l y  y i e l d i n g  t h e r e  w i l l  b e  a r e a s o n a b l y  dependable  avenue 
t o  s a fe ty .  

Touchdown Spot 

To c o n t i n u e  w i t h  t h e  r a t i o n a l e  o f  t h e  model, i t  i s  
r e c o g n i z e d  as b e f o r e  t h a t  a n  i s o l a t e d  Touchdown P o i n t  sur rounded 
by u n a c c e p t a b l e  s u r f a c e  i s  not  a s u i t a b l e  p l a c e  to l a n d .  A min- 
i m u m  a c c e p t a b l e  a r e a ,  The Touchdown S p o t ,  i n  which any 9-meter 
c i r c l e  i s  a Touchdown P o i n t ,  i s  s p e c i f i e d  ( 2 ) .  The Touchdown 
Spot  may be made any s i z e  d e s i r e d ,  and f o r  conse rva t i sm w i l l  
p robab ly  u s u a l l y  be  l a r g e r  t h a n  t h e  s i z e  assumed i n  t h e  opera-  
t i o n a l  model ( 5 . 8 . 2 . 3 ) .  The Touchdown Spot must n o t ,  however, 
be  s p e c i f i e d  t o  be any l a r g e r  t h a n  i s  r e a l l y  needed.  Cur ren t  
r e c o n n a i s s a n c e  photographs  i n d i c a t e  t h a t  l a r g e  u n o b s t r u c t e d  
smooth a r e a s  on t h e  moon a r e  r a r e ,  and it  would be e a s y  t o  wr i t e  
l a n d i n g  s i t e  c r i t e r i a  s o  c o n s e r v a t i v e  t h a t  few or no s i t e s  
mee t ing  t h e  r equ i r emen t s  could be found.  

Good Region 

Good Region ( 3 )  i s ,  as i n  t h e  o p e r a t i o n a l  model (5.8.2.2), 
a k i n d  o f  f a v o r a b l e  domain i n  which t h e  LM can w i t h  s u f f i c i e n t l y  
h igh  conf idence  r e a c h  a Touchdown Spot a f t e r  coming t o  Lo Gate 
aimed a t  any p o i n t  i n  t h e  r e g i o n .  It i s  d e f i n e d  i n  t h e  same way 
as i n  t h e  o p e r a t i o n a l  model: i n  te rms  of  t h e  maximum d i s t a n c e  t o  
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a Touchdown Spot  from any p o i n t  i n  t h e  r e g i o n .  I f  t h i s  maximum 
d i s t a n c e  i s  s p e c i f i e d  t o  be abou t  h a l f  t h e  r e d e s i g n a t i o n  capa- 
b i l i t y  o f  t h e  LM a t  Lo Gate ( s ee  t h e  p a r a g r a p h  D i s t r i b u t i o n  o f  
Touchdown S p o t s  i n  t h e  d i s c u s s i o n  o f  t h e  Lunar S u r f a c e  Model f o r  
Landing Approach O p e r a t i o n s ) ,  t h e  s u r f a c e  demanded i s  a t  l e a s t  
as good as t h e  minimal ly  h o s p i t a b l e  s u r f a c e  o f  t h e  o p e r a t i o n a l  
model.  If t h e  maximum allowed d i s t a n c e  i s  l e s s  t h a n  t h a t  number, 
t h e  Touchdown S p o t s  must be c l o s e r  t o g e t h e r  and t h e r e f o r e  ea s i e r  
b o t h  t o  see and t o  ge t  t o .  I f  t h e  maximum d i s t a n c e  t o  Touchdown 
Spot  i s  about  15% o f  t h e  r a d i u s  o f  t h e  Touchdown Spot or smaller,  
t h e  Touchdown S p o t s  r u n  t o g e t h e r  and t h e  r e g i o n  becomes one t h a t  
i s  a l l  Touchdown P o i n t s  excep t  f o r  s c a t t e r e d  Rough S p o t s .  I n  
t h i s  c a s e  t h e  maximum d i s t a n c e  t o  Touchdown Spot  i s  e f f e c t i v e l y  
a maximum a l lowed  r a d i u s  f o r  t h e  Rough S p o t s ;  t h e  minimum s p a c i n g  
o f  t h e  Rough S p o t s  i s  s t i l l  de t e rmined  by t h e  r equ i r emen t  t h a t  
each be sur rounded by Touchdown S p o t s .  The maximum d e n s i t y  o f  
such  o b s t a c l e s  i s  eas i ly  seen  t o  be  two p e r  Touchdown S p o t .  
There does  n o t  seem t o  b e  any r e a s o n  t o  demand a lower maximum 
d e n s i t y  o f  Rough S p o t s  u n l e s s ,  perhaps ,  a comple t e ly  a u t o m a t i c  
l a n d i n g  or a n o - v i s i b i l i t y  l a n d i n g  were t o  be con templa t ed .  

Hazards 

Hazards are  d e f i n e d  i n  t h e  o p e r a t i o n a l  model ( 5 . 8 . 2 . 4 )  
by t h e  p r e s e n c e  o f  p o i n t s  f a r t h e r  from t h e  n e a r e s t  Touchdown 
Spot  t h a n  t h e  l i m i t i n g  maximum d i s t a n c e  t o  Touchdown Spot i n  
Good Region ( 5 . 8 . 2 . 2 ) .  I n  t h e  s i t e - e v a l u a t i o n  model t h a t  l i m i t i n g  
maximum d i s t a n c e  t o  Touchdown Spot i n  Good Region may b e  r e d u c e d ,  i n  
o r d e r  t o  r e f l e c t  t h e  d e s i r e d  degree of  c o n s e r v a t i s m  i n  t h e  de- 
mands t h a t  it i s  proposed  t o  a l l o w  t o  be p l a c e d  on t h e  LM t r a n s -  
l a t i o n  c a p a b i l i t y  from Lo Gate.  To r e f l e c t  a c o r r e s p o n d i n g  
c o n s e r v a t i s m  i n  t h e  l i m i t a t i o n  on t h e  p o s s i b l e  demands f o r  rede- 
s i g n a t i o n  b e f o r e  Lo Gate ,  "Hazard" i s  d e f i n e d  as b e f o r e  as a 
r e g i o n  c o n t a i n i n g  p o i n t s  f a r t h e r  from a Touchdown Spot t h a n  t h e  
maximum d i s t a n c e  a l lowed i n  Good Region ( 4 ) .  T h i s  d e f i n i t i o n  
takes  i n  some p o s s i b l e  i n t e r m e d i a t e  r e g i o n s  where t h e  maximum 
d i s t a n c e  t o  Touchdown Spot  i s  l e s s  t h a n  t h e  r e d e s i g n a t i o n  capa- 
b i l i t y  of t h e  LM a t  Lo Gate and which are t h e r e f o r e  no t  i m p o s s i b l e  
t o  l a n d  i n ;  f o r  s i m p l i c i t y  and c o n s e r v a t i s m  t h e s e  a re  n o t  d i s t i n -  
g u i s h e d  i n  t h e  model. 

Landing S i t e  

S i n c e  t h e  shapes of  t h e  c o n t o u r s  o f  e q u a l  p r o b a b i l i t y  
i n  t h e  LM l a n d i n g  p o s i t i o n  e r r o r  p a t t e r n  are l i k e l y  t o  v a r y  from 
m i s s i o n  t o  m i s s i o n ,  t h e  s p e c i f i c a t i o n  of  t h e  Landing S i t e  shape 
and s i z e  has been l e f t  i n  t h e  form o f  a 3a p r o b a b i l i t y  s t a t e m e n t  
i n  t h e  specimen s i t e - s e l e c t i o n  model ( 5 ) .  A l a r g e r  number t h a n  
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3 may be used  if a h i g h e r  conf idence  of be ing  aimed i n t o  a 
s u i t a b l e  l a n d i n g  area i s  d e s i r e d .  It w i l l  be p r e f e r a b l e ,  i n  
w r i t i n g  a s i t e - s e l e c t i o n  s p e c i f i c a t i o n  f o r  an a c t u a l  m i s s i o n ,  
t o  d e f i n e  t h e  Landing S i t e  e x t e n t  i n  geomet r i c  terms ( s u c h  as 
"a c i r c l e  f i v e  m i l e s  i n  d i a m e t e r " )  r e l a t i v e  t o  t h e  Ta rge ted  
Touchdown P o i n t  t o  be s e l e c t e d  ra ther  t h a n  i n  p r o b a b i l i s t i c  
terms re la ted  t o  performance e r r o r s .  Then t h e  burden of  i n t e r -  
p r e t i n g  hardware performance i s  n o t  s h i f t e d  t o  peop le  whose 
b u s i n e s s  i s  i n t e r p r e t i n g  photographs .  It a p p e a r s  a l s o  t h a t  
some r e a s o n a b l e  f r a c t i o n  of t h e  t o t a l  Landing S i t e  a r e a  shou ld  
b e  s u i t a b l e  f o r  l a n d i n g .  S ince  Hazards by d e f i n i t i o n  i n c l u d e  
some area tha t  i s  a l s o  by d e f i n i t i o n  Good Region, t h i s  l i m i t  
i s  s t a t e d  i n v e r s e l y ,  as a maximum f r a c t i o n  of  t h e  t o t a l  area 
t h a t  may be occupied  by Hazards ( 5 . 1 ) .  

L a r g e s t  Hazard 

It i s  n e c e s s a r y  t o  p l a c e  a n o t h e r  l i m i t  on t h e  unfavor-  
ab le  c h a r a c t e r  of t h e  s i t e .  While t h e  s i z e  o f  t h e  l a r g e s t  a l low-  
a b l e  Hazard w i l l  normal ly  be d i c t a t e d  by t h e  l a r g e s t  a l l o w a b l e  

i t  be l i m i t e d  i n  t h i s  way. I n  some cases - - to  l a n d  n e a r  a spe-  
c i f i c  p o i n t  of  g r e a t  importance b u t  i n  poor  l a n d i n g  c o u n t r y ,  
f o r  example--a s i g n i f i c a n t  p r o b a b i l i t y  might  be a c c e p t e d  t h a t  
t h e  LM would t u r n  o u t  a t  H i  Gate t o  be  aimed i n t o  a Hazard o f  
such  s i z e  t h a t  it could  n o t  r e d e s i g n a t e  t o  a Good Region.  T h i s  
does  n o t  mean t h e  accep tance  of a h i g h e r  p r o b a b i l i t y  of  crew 
loss-.-merely a h i g h e r  p r o b a b i l i t y  of a b o r t  w i thou t  l a n d i n g .  For 
a g e n e r a l  s i t e - s e l e c t i o n  c r i t e r i o n ,  however, t h e  maximum Hazard 
s i z e  shou ld  be less  t h a n  t h e  r e d e s i g n a t i o n  c a p a b i l i t y  a t  H i  Gate ,  
s o  t h a t  i t  shou ld  n e v e r  be  n e c e s s a r y  t o  r e d e s i g n a t e  immediately 
a t  H i  Gate. The smaller t h i s  maximum s i z e  of  a Hazard i n  t h e  
Landing S i t e  i s ,  t h e  f a r t h e r  down t h e  F i n a l  Approach p a t h  i t  w i l l  
r emain  p o s s i b l e  t o  r e d e s i g n a t e  t h e  l a n d i n g  p o i n t  o u t  of a bad 
area.  

t i l d t  redes igf ia t icn  Lx  r,aj: have to make, it is i ~ c t  ilccessaiTy 

I n  t h e  specimen m o d e l  t h i s  i s  t a k e n  c a r e  of by  g i v i n g  
a s i z e  o f  c i r c l e  i n s i d e  which  t h e  l a r g e s t  Hazard must be  a b l e  to 
fit ( 5 . 2 ) .  It i s  a r a t h e r  r e s t r i c t i v e  s p e c i f i c a t i o n ,  i n  t h a t  i t  
does  n o t  p e r m i t  t h e  Hazard t o  be e l o n g a t e d  a s  does t h e  opera-  
t i o n a l  model ( 5 . 8 . 2 . 4 ) .  It would c l e a r l y  be p o s s i b l e  t o  be l e s s  
r e s t r i c t i v e  and l i m i t  one dimension l e s s  t h a n  t h e  o t h e r ,  and s o  
a l l o w  t h e  maximum Hazard t o  b e  e l o n g a t e d  t o  any d e g r e e  d e s i r e d .  
It migh t  a l s o  i n  some s p e c i a l  s i t u a t i o n s  be d e s i r a b l e  to l i m i t  
the  e x t e n t  of a l l o w a b l e  Hazards i n  the d i r e c t i o n  of t h e  LM 
approach  p a t h  or i n  t he  d i r e c t i o n  normal t o  t h a t  path--where i t  
was, f o r  some r e a s o n ,  s p e c i f i c a l l y  d e s i r e d  t o  l i m i t  t h e  p o s s i b l e  
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i n - p l a n e  o r  c r o s s - p l a n e  r e d e s i g n a t i o n  r e q u i r e m e n t .  The Hazard 
s i z e  l i m i t  p roposed  i n  t h e  specimen model i s  abou t  h a l f  t h a t  
encoun te red  i n  t h e  o p e r a t i o n a l  model. 

V i s i b i l i t y  and Spac ing  of  Hazards 

I n  t h e  o p e r a t i o n a l  model a n  a r b i t r a r y  and somewhat 
symbolic  r e s t r i c t i o n  was Placed  on t h e  s p a c i n g  between Hazards 
( 5 . 8 . 2 ) .  For  a S i t e  E v a l u a t i o n  model,  c o n s i d e r a t i o n  m u s t . b e  
g i v e n  t o  t h e  p r o b a b i l i t y  o f  b e i n g  a b l e  t o  d i s t i n g u i s h  between 
Good Regions and Hazards a t  t h e  d i s t a n c e  a t  which a c t i o n  t o  
a v o i d  t h e  l a t t e r  must be t a k e n .  The p r e v i o u s  d i s c u s s i o n  shows 
t h a t  t h e  v i s u a l  c h a r a c t e r s  o f  Good Regions and Hazards may be 
e s s e n t i a l l y  i d e n t i c a l  o r  m a y  d i f f e r ,  a t t a i n i n g  some u n s p e c i f i a b l e  
d e g r e e  o f  d i s t i n c t i v e n e s s .  If Good Region i s  s p e c i f i e d  as b e i n g  
s u f f i c i e n t l y  "good"-- i .e . ,  f l a t ,  smooth, c l e a r ,  it i s  l i k e l y  
t h a t  ve ry  bad areas w i l l  be  v i s u a l l y  d i s t i n c t i v e  and r e l a t i v e l y  
e a s y  t o  r e c o g n i z e ,  and t h a t  t h e  worse t h e  bad areas a re ,  t h e  
more d i s t i n c t i v e  t h e y  w i l l  be .  On t h e  o t h e r  hand, a " b a r e l y  
bad" region--one tha t  j u s t  misses b e i n g  Good Region--though n o t  

some r e a s o n  it  i s  n o t  avoided .  It i s  argued  t h e n  t h a t  some 
s i z e - s e p a r a t i o n - d i s t i n g u i s h a b i l i t y  r e l a t i o n  should  hold  f o r  
v e r y  bad areas i n  a n  o t h e r w i s e  s u f f i c i e n t l y  good a r e a ,  and t h a t  
f o r  bad areas on ly  a l i t t l e  l ess  good t h a n  t h e  s t a n d a r d ,  it 
does  n o t  matter whe the r  t h e r e  i s  such  a r e l a t i o n  o r  n o t .  A 
l i m i t a t i o n  l i k e  t h a t  o f  t h e  o p e r a t i o n a l  model ( 5 . 8 . 2 . 4 )  on 
Hazard spac ing  w i l l  t h e n  permi t  r e c o g n i t i o n  and avoidance  a c t i o n  
a t  an  a p p r o p r i a t e  d i s t a n c e  where t h e  v i s u a l  c h a r a c t e r s  o f  t h e  
Good Regions and Hazards a r e  markedly d i f f e r e n t  and t h e  t a k i n g  
o f  a c t i o n  i s  most c r i t i c a l ,  and t h e  l i m i t a t i o n  on t h e  a l l o w a b l e  
s i z e  o f  Hazards p r o v i d e s  a c o n t r o l l a b l e  hedge a g a i n s t  t h e  uncer -  
t a i n t y  o f  o u r  knowledge of t h e  d i s t a n c e  a t  which t h e s e  d i s t i n c -  
t i o n s  can  be made. By making bo th  c r i t e r i a  s u f f i c i e n t l y  con- 
s e r v a t i v e ,  t h e  p r o b a b i l i t y  o f  b e i n g  unab le  t o  per form t h e  r e q u i r e d  
r e c o g n i t i o n  and e v a l u a t i o n  f u n c t i o n s  i n  t i m e  t o  r e d e s i g n a t e  o u t  
of  a Hazard may be made as small as i s  d e s i r e d .  

n n n i i - t  17- A: - 4 - 4  n - 3 x - l  n h - h l  CI 7 . ~ 4  1 1  n C :  11 h h m n n A  C n n  1 q m A 4 - n  i f' fr\n 
I ~ u u i r y  ULLD u r r r ~ u r o r l a u r c . ,  w r i r  LD u r u  U L  bvvu  I W A  I U A J U L A L ~  -LA I V I  

A problem avoided  above,  bu t  ea sy  t o  imagine and d i f -  
f i c u l t  t o  exc lude  by s p e c i f i c a t i o n ,  i s  tha t  of  a ve ry  bad a r e a  
t h a t  i s  no t  v i s u a l l y  d i s t i n g u i s h a b l e  from a ve ry  good a r e a .  An 
example would b e  a f l a t  f i e l d  s t r e w n  w i t h  t h r e e - f o o t  r o c k s  a t  
i n t e r v a l s  of t e n  feet  o r  s o :  t h i s  might w e l l  be i n d i s t i n g u i s h a b l e  
from t h e  f l a t  f i e l d  wi thou t  t h e  r o c k s  i f  i t  was a t  t h e  Targeted 
Touchdown P o i n t  and viewed from H i  Gate. There appear t o  be two 
e f f e c t i v e  p r o t e c t i o n s  a g a i n s t  t h e  dange r s  a r i s i n g  from t h e  pos-  
s i b l e  p r e s e n c e  o f  such  areas i n  o r  a d j o i n i n g  Good Region.  The 



BELLCOMM, I N C .  - 16 - 

first is the evaluation of visibility and conspicuousness of 
features that should be a subsequent part of the examination 
of sites that meet the geometric screening criteria of Touchdown 
Spot distribution, Hazard distribution, etc. The safest and 
simplest rule would be not to accept any site in which this 
kind of ambiguity could arise. The second protection lies in 
the training of flight crews. So far the site descriptions 
and criteria have been constructed as though the LM crew were 
to have no previous information whatever about the site: this is 
not probable, nor is it necessary or sensible to assume it. 
Just as some of the limitations and uncertainties of crew and 
vehicle capabilities create requirements that Landing Sites 
meet certain demands if they are to be acceptable (resulting 
in the writing of Site Evaluation criteria), our inability to 
prescribe or describe perfectly all aspects of any Landing Site 
places certain demands upon the preparation of the flight crews. 
If we have planned well and are fortunate, the processes of 
developing, evaluating, and matching these capabilities and 
requirements will converge compatibly. Whether it is feasible 
or not to eliminate all possible ambiguities o r  confusions of 

gram of study of the reconnaissance photography and of exercises 
simulating landings on the site itself, to be able to attain a 
considerable degree of familiarity with the site. They should 
pretty well know where the confusing areas are and be prepared 
to take action if they find themselves heading toward one, even 
though they may not at first know exactly to which spot of 
which area the vehicle is trying to take them. 

Gocc? Eeg ions  and Eazards t h e  cr2:':5 zught, by 2 rc2szr la t ; le  p T G -  

It appears from the above discussions that the require- 
ments on Hazard spacing for redesignation purposes can pretty 
well be separated from those arising from problems of visibility. 
For the capability to redesignate out of a Hazard and into Good 
Region to exist, all that is required is that the Hazard have 
some suitably spaced Touchdown Spots around its periphery; for 
this Hazard and the presence of its surrounding Good Region to 
be recognized from Hi Gate (or any subsequent point) it is 
necessary that they have sufficient difference of visual char- 
acter (as yet unspecifiable) as well as be of appropriate size. 
The assumption made for the operational model that areas of 
Good Region and Hazards of about equal size can be distinguished 
ought to be valid for some reasonable degree of difference of 
visual character between the two. We may protect against a 
lack or uncertainty in the visual distinction by limiting the 
allowable size of Hazards (as suggested above) and by making a 
more conservative restriction (than that in the operational 
model) on the separation of Hazards. The Hazard size limit 
proposed in the specimen model (5.3) is about half that 
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encoun te red  i n  t h e  o p e r a t i o n a l  model. It i s  a g a i n  emphasized 
t ha t  t h e  s i z e s  o f  these  r e s t r i c t i o n s  a re  a r b i t r a r y  and based 
upon a s sumpt ions .  The r e l a t i v e  v i s i b i l i t y  o f  i s o l a t e d  o b s t a -  
c l e s ,  Rough S p o t s ,  Hazards,  Touchdown S p o t s ,  and Good Regions 
i s  a c r i t i c a l  matter which i d e a l l y  shou ld  be s e t t l e d  by low- 
a l t i t u d e  h i g h - r e s o l u t i o n  pho tograph ic  and v i s u a l  r e c o n n a i s s a n c e .  
Surveyor  pho tographs  shou ld  b e  o f  a s s i s t a n c e  here ,  bu t  t h e  
Surveyor  p o i n t  o f  view i s  probably t o o  low t o  g i v e  t h e  b e s t  
e v a l u a t i o n  of  LM v i s i b i l i t y  from H i  Gate t o  Lo Gate. O r b i t e r s ,  
on t h e  o t h e r  hand, though normally f l y i n g  a t  much h i g h e r  a l t i -  
t u d e  t h a n  t h e  LM i n  t h e s e  phases  o f  t h e  d e s c e n t ,  should  be  ab le  
w i t h  t h e i r  h i g h  r e s o l u t i o n  cameras t o  deve lop  s u f f i c i e n t  i n f o r -  
ma t ion  t o  answer t h e  q u e s t i o n  f o r  any p a r t i c u l a r  s i t e  and prob-  
a b l y  i n  g e n e r a l .  To o b t a i n  such  data i t  would be n e c e s s a r y  
f o r  t h e  cameras t o  l o o k  ou t  a t  n e a r - h o r i z o n t a l  e l e v a t i o n  a n g l e s  
and w i t h  t h e  sun  a t  s y s t e m a t i c a l l y  v a r y i n g  e l e v a t i o n  a n g l e s  
and az imuths  r e l a t i v e  t o  t h e  l i n e  o f  s i g h t ;  i n  e f f e c t ,  to 
deve lop  s u r f a c e  pho tomet r i c  f u n c t i o n s  on t h e  s c a l e  of one me te r  
o r  l e s s .  

F i n a l l y  f o r  t h e  Landing S i t e ,  t h e  l o c a t i o n  o f  t h e  
S i t e  i t s e l f ,  o r  o f  t h e  Targe ted  Touchdown P o i n t ,  has t o  b e  
s p e c i f i e d  w i t h i n  some l i m i t s .  The r e g i o n s  i n  which l a n d i n g s  
are  f e a s i b l e  w i l l  a l w a y s  be l i m i t e d  by t r a j e c t o r y  and l i g h t i n g  
c o n s t r a i n t s .  It i s  expec ted  t h a t  t h e  l o c a t i o n s  o f  t h e  f i r s t  
Landing S i t e s  w i l l  be s e l e c t e d  w i t h i n  t h e s e  c o n s t r a i n t s  on t h e  
basis o f  minimiz ing  d i f f i c u l t y  and o p t i m i z i n g  communications 
and t r a c k i n g ,  bu t  t h a t  u l t i m a t e l y  l a n d i n g s  w i l l  b eg in  to be  
p l a c e d  i n  t h e  v i c i n i t y  o f  p o i n t s  o r  f e a t u r e s  o f  p a r t i c u l a r  
i n t e r e s t .  L o c a t i o n s ,  t h e n ,  are l i k e l y  t o  be s p e c i f i e d  i n  t e rms  
o f  geograph ic  c o o r d i n a t e  l i m i t s  or r e l a t i v e  t o  some s u r f a c e  
f e a t u r e  o f  t h e  moon ( 5 . 4 ) .  

Landing Approach P a t h  

The d e s c r i p t i o n  of t h e  Landing Approach P a t h  ( 6 )  i s  
l e f t  open, as e x p l a i n e d  i n  t h e  d i s c u s s i o n  of t h e  Lunar S u r f a c e  
Model f o r  Landing Approach O p e r a t i o n s .  

E v a l u a t i o n  of S i t e s  by Comparison o f  Exper imenta l  Data t o  C r i t e r i a  

Given s u f f i c i e n t l y  d e t a i l e d  i n f o r m a t i o n  about  t h e  l u n a r  
su r face - -h igh  r e s o l u t i o n  photography,  b e a r i n g  s t r e n g t h  p r o b e s ,  
e t c . - - t h e r e  would be no d i f f i c u l t y  i n  s e l e c t i n g  a Landing S i t e  
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u s i n g  t h e  c r i t e r i a  developed i n  t h i s  model.  There would be  h igh  
conf idence  tha t  t h e  S i t e ' s  c o n t r i b u t i o n  t o  t h e  p r o b a b i l i t y  o f  
m i s s i o n  f a i l u r e  would be w i t h i n  t h e  des i red  l i m i t s  as w e l l .  
The hard problem a r i se s  when t h e  p i c t o r i a l  i n f o r m a t i o n  i s  l i m i t e d  
( t h e  s h o r t a g e  of i n fo rma t ion  on t h e  mechanical  p r o p e r t i e s  o f  t h e  
s u r f a c e  having  already been d i s c u s s e d ) .  A p robab le  s i t u a t i o n  
w i l l  be that  i t  i s  d e s i r e d  t o  l a n d  i n  a r e g i o n  where t h e  on ly  
i n f o r m a t i o n  a v a i l a b l e  i s  d e r i v e d  from p i c t u r e s  whose r e s o l u t i o n  
i s  such  t h a t  o b s t a c l e s  o f  t h e  smallest s i z e  of concern  (and  
p o s s i b l y  l a r g e r )  cannot  be  seen .  De te rmina t ion  whether t h e  
s u r f a c e  sa t i s f ies  t h e  c r i t e r i a  r e l a t i n g  t o  o b s t a c l e s  of a par- 
t i c u l a r  s i z e  t h e n  appears t o  be a two-step p r o c e s s .  F i r s t  i s  
e x t r a p o l a t i o n  of  the  obse rvab le  d i s t r i b u t i o n  of  o b s t a c l e s ,  i n  
whatever  manner i s  p o s s i b l e  and c r e d i b l e ,  down t o  t h e  r e q u i r e d  
s i z e .  Second i s  the  t r a n s f o r m a t i o n  o f  t h e  pa rame te r s  of  t h e  
e x t r a p o l a t e d  d i s t r i b u t i o n ,  which must be i n  some s t a t i s t i c a l  
form, i n t o  forms e q u i v a l e n t  o r  comparable t o  t h e  parameters o f  
t h e  s i t e - e v a l u a t i o n  model. The l a t t e r  are i n  a q u a s i - s t a t i s t i c a l  
form i n v o l v i n g  m a x i m u m  and minimum d i s t a n c e s .  It should  no t  be 
unduly d i f f i c u l t  t o  develop a t r a n s f o r m a t i o n  of  t h i s  n a t u r e ,  
aiic t k,i 5 c opxy iat be twe 5 5 t at is t i 2 1 6; ;;ti" i=.;t i G Z  "i;'o da 1 11 

and a c r i t e r i o n  model seems t o  be an impor t an t  c u r r e n t l y  m i s s i n g  
l i n k .  
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5 .8  Lunar S u r f a c e  Model 

A s t a t i s t i c a l  d e s c r i p t i o n  of  t h e  l u n a r  s u r f a c e  compa- 
r a b l e  i n  accu racy  t o  t h e  d e s c r i p t i o n s  p r o v i d e d  of  o t h e r  e l emen t s  
o f  t h e  n a t u r a l  environment  i s  n o t  y e t  a v a i l a b l e .  I n  t h e  absence  
o f  such  a d e s c r i p t i o n  two models  a r e  assumed, each  r e p r e s e n t i n g  
t h e  l i m i t  o r  "worst  ca se"  wi th  r e s p e c t  t o  a d i f f e r e n t  c r i t i c a l  
a s p e c t  o f  t h e  o v e r a l l  system c a p a b i l i t y .  The l u n a r  s u r f a c e  
model f o r  s u r f a c e  i n t e r a c t i o n  d e s c r i b e d  i n  5 . 8 . 1  has c h a r a c t e r -  
i s t i c s  d i r e c t l y  t r a n s f o r m a b l e  t o  LM s t r u c t u r a l  and mechanica l  
d e s i g n  c h a r a c t e r i s t i c s .  The l u n a r  s u r f a c e  model f o r  l a n d i n g  
approach  o p e r a t i o n s  d e s c r i b e d  i n  5 . 8 . 2  i s  d e f i n e d  i n  terms of  
LM l a n d i n g  p o i n t  r e d e s i g n a t i o n  c a p a b i l i t y  and hence i s  re la ted  
t o  t h e  LM f u e l  budge t ,  guidance s t r a t e g y ,  and c o n t r o l  c a p a b i l i t y .  

5 . 8 . 1  Lunar S u r f a c e  Model f o r  S u r f a c e  I n t e r a c t i o n  

T h i s  s e c t i o n  d e f i n e s  t h e  Touchdown P o i n t ,  a n  element  
o f  a c c e p t a b l e  s u r f a c e  of  such s i z e  as j u s t  t o  e n c l o s e  a LM on 
t h e  s u r f a c e  i n  normal l and ing  a t t i t u d e .  The Touchdown P o i n t  i s  
a c i r c l e  o f  d i a m e t e r  30 f e e t  ( 9  m e t e r s )  w i t h i n  which t h e  s u r f a c e  
has t h e  mechanica l  and topograph ic  c h a r a c t e r i s t i c s  s p e c i f i e d  i n  
5 . 8 . 1 . 1  th rough  5 . 8 . 1 . 5 .  The p o s i t i o n  o f  a Touchdown P o i n t  i s  
s p e c i f i e d  by t h e  c o o r d i n a t e s  o f  i t s  c e n t e r .  

5 . 8 . 1 . 1  The " e f f e c t i v e  s lope"  does  n o t  exceed  12 ' .  The e f f e c -  

e f f e c t s  of p r o t u b e r a n c e s ,  d e p r e s s i o n s ,  and f o o t p a d  p e n e t r a t i o n .  

5 .8 .1 .2  The " e f f e c t i v e  p ro tube rances"  e x t e n d  l e s s  t h a n  2 4  i n c h e s  

b e r a n c e s  r e s u l t  from t h e  combined e f f e c t s  o f  o b j e c t s  on t h e  s u r -  
f a c e ,  v a r i a t i o n s  of  t h e  s u r f a c e  i t s e l f ,  and foo tpad  p e n e t r a t i o n .  

t i v e  s l o p e  c o n s i s t s  o f  t h e  mean s l o p e  p l u s  t h e  combined 

( 6 0  cm) above t h e  mean s u r f a c e .  The e f f e c t i v e  p r o t u -  

5 .8 .1 .3  The c o e f f i c i e n t  of f r i c t i o n  f o r  h o r i z o n t a l  s l i d i n g  of 
a LM foo tpad  on t h e  s u r f a c e  i s  g r e a t e r  t h a n  0 . 4 .  I n  

a d d i t i o n ,  p r o t u b e r a n c e s  and d e p r e s s i o n s  are of such s i z e  and 
d i s t r i b u t i o n  t h a t  a s l i d i n g  LM f o o t p a d  may a t  any p o i n t  s e i z e  
and be  c o n s t r a i n e d  from s l i d i n g  f a r the r .  

5 .8 .1 .4  The s u r f a c e  i s  composed of  a combina t ion  of  " s t r u c t u r -  

competent m a t e r i a l  i s  e f f e c t i v e l y  i n f i n i t e l y  s t r o n g  and r i g i d ;  
i . e . ,  i t  i s  not  deformed b y  t h e  LM. The porous  mater ia l  i s  a 
c o h e s i v e  or non-cohesive a g g r e g a t e  of  u n s p e c i f i e d  t h i c k n e s s .  
The combined m a t e r i a l  composing t h e  s u r f a c e  i s  a t  l e a s t  as s t r o n g  
as t h e  porous  material  a l o n e ,  as d e s c r i b e d  below. 

a l l y  competent" and porous  materials.  The s t r u c t u r a l l y  
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5 . 8 . 1 . 5  

i n i t i a l l y  and i n c r e a s e s  a t  a r a t e  g r e a t e r  t h a n  3 . 6  p s i  p e r  f o o t  
( 8 1 , 0 0 0  N/m p e r  meter) of  p e n e t r a t i o n .  

The s o i l  f o r c e  r e s i s t i n g  LM f o o t  pad p e n e t r a t i o n  i n  t h e  
porous  m a t e r i a l  i s  g r e a t e r  t h a n  5.5 p s i  (38 ,000  N / m 2 )  

2 

5 .8 .2  Lunar S u r f a c e  Model f o r  Landing Approach O p e r a t i o n s  

T h i s  s e c t i o n  d e f i n e s  t h e  Landing S i t e  and t h e  Landing 
Approach P a t h .  

5 . 8 . 2 . 1  

p o s i t i o n  n a v i g a t i o n  e r r o r  boundary a s s o c i a t e d  w i t h  t h a t  p o i n t .  
A Landing S i t e  i s  cons ide red  t o  c o n s i s t  o f  "Good Regions" and 
"Hazards" .  

A Landing S i t e  i s  a r e g i o n  of  t h e  s u r f a c e  c o n t a i n i n g  a 
Ta rge ted  Touchdown P o i n t  (TTP) and t h e  e n t i r e  30 l a n d i n g  

5 . 8 . 2 . 2  A Good Region i s  one where t h e r e  i s  a t  l e a s t  one Touch- 
d o s p o t  w i t h i n  125  m e t e r s  ( 4 0 0  f e e t )  o f  eve ry  p o i n t .  

The magnitude o f  t h i s  d i s t a n c e  r e f l e c t s  t h e  l a n d i n g  p o i n t  rede-  
s i g n a t i o n  c a p a b i l i t y  of t h e  LM a t  Lo Gate: i t  i s  i n t e n d e d  t h a t  
t h e  LM can r e a c h  a Touchdown Spot from Lo Gate o c c u r r i n g  ove r  
any p o i n t  i n  a Good Region wi thout  hav ing  t o  make r a d i c a l  maneu- 
v e r s  or changes of  head ing .  

5 . 8 . 2 . 3  

P o i n t  (as  d e f i n e d  i n  5 . 8 . 1 ) .  
r e f l e c t s  t h e  LMfs touchdown u n c e r t a i n t y  from Lo Gate, and t h e  
v i s i b i l i t y  and r e c o g n i t i o n  r equ i r emen t s .  It i s  i n t e n d e d  t h a t  
t h e  Touchdown Spot be v i s i b l e  and r e c o g n i z a b l e  from a v e h i c l e  
a t  a d i s t a n c e  of  670 m e t e r s  and a n  a l t i t u d e  o f  1 0 0  t o  300  m e t e r s ,  
i . e . ,  from Lo Gate, and t h a t  t h e  LM be a b l e  t o  l a n d  on such  a 
s p o t  i n  manual o r  au tomat i c  c o n t r o l  when t h e  c e n t e r  of  t h e  s p o t  
i s  d e s i g n a t e d  as t h e  l a n d i n g  p o i n t  from Lo Gate. 

5 . 8 . 2 . 4  

f a r t h e r  t h a n  1 0 0 0  meters (3300 f e e t )  f rom a Touchdown S p o t .  
T h i s  maximum Hazard s i z e  r e f l e c t s  t h e  l a n d i n g  p o i n t  r e d e s i g n a t i o n  
c a p a b i l i t y  of t h e  LM a t  H i  Gate:  i t  i s  i n t e n d e d  t h a t  t h e  LM b e  
a b l e  t o  r e a c h  a Touchdown Spot from a H i  Gate p o i n t  co r re spond ing  
t o  any n a v i g a t i o n / g u i d a n c e  error w i t h i n  t h e  3a l i m i t .  

A Touchdown Spot  i s  a c i r c l e  of  d i a m e t e r  30 meters 
( 1 0 0  f e e t )  i n  which e v e r y  9-meter c i r c l e  i s  a Touchdown 

The s i z e  o f  t h e  Touchdown Spot 

A Hazard i s  a r e g i o n  c o n t a i n i n g  p o i n t s  f a r t h e r  t h a n  1 2 5  
meters from a Touchdown S p o t ,  b u t  n o t  c o n t a i n i n g  p o i n t s  
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5 .8 .1 .5  

i n i t i a l l y  and i n c r e a s e s  a t  a r a t e  grea te r  t h a n  3 . 6  p s i  p e r  f o o t  
(81,000 N/m2 p e r  meter) o f  p e n e t r a t i o n .  

The s o i l  f o r c e  r e s i s t i n g  LM f o o t  pad  p e n e t r a t i o n  i n  t h e  
porous  mater ia l  i s  g r e a t e r  t h a n  5 .5  p s i  (38,000 N / m 2 )  

5 . 8 . 2  Lunar S u r f a c e  Model f o r  Landing Approach O p e r a t i o n s  

T h i s  s e c t i o n  d e f i n e s  t h e  Landing S i t e  and t h e  Landing 
Approach P a t h .  

5 . 8 . 2 . 1  

p o s i t i o n  n a v i g a t i o n  e r r o r  boundary a s s o c i a t e d  w i t h  t h a t  p o i n t .  
A Landing S i t e  i s  cons ide red  t o  c o n s i s t  o f  "Good Regions" and 
"Hazards . 

A Landing S i t e  i s  a r e g i o n  of t h e  s u r f a c e  c o n t a i n i n g  a 
Ta rge ted  Touchdown P o i n t  (TTP)  and t h e  e n t i r e  3a l a n d i n g  

5 . 8 . 2 . 2  A Good Region i s  one where t he re  i s  a t  l eas t  one Touch- 
d o w n p o t  w i t h i n  125 meters (400 f e e t )  of  e v e r y  p o i n t .  

The magnitude o f  t h i s  d i s t a n c e  r e f l e c t s  t h e  l a n d i n g  p o i n t  rede- 
s i g n a t i o n  c a p a b i l i t y  o f  t h e  LM a t  Lo Gate: i t  i s  i n t e n d e d  t h a t  
t h e  LM can  r e a c h  a Touchdown Spot  f rom Lo Gate o c c u r r i n g  o v e r  
any p o i n t  i n  a Good Region wi thou t  hav ing  t o  make r a d i c a l  maneu- 
v e r s  or changes  of  head ing .  

5 . 8 . 2 . 3  A Touchdown Spot i s  a c i r c l e  o f  diameter 30 meters 
( 1 0 0  f e e t )  i n  which e v e r y  9-meter c i r c l e  i s  a Touchdown 

P o i n t  (as  d e f i n e d  i n  5 . 8 . 1 ) .  
r e f l e c t s  t h e  LM's touchdown u n c e r t a i n t y  from Lo Gate, and t h e  
v i s i b i l i t y  and r e c o g n i t i o n  r e q u i r e m e n t s .  It i s  i n t e n d e d  t h a t  
t h e  Touchdown Spot  be v i s i b l e  and r e c o g n i z a b l e  from a v e h i c l e  
a t  a d i s t a n c e  o f  6 7 0  meters and a n  a l t i t u d e  o f  1 0 0  t o  300 meters ,  
i . e . ,  from Lo Gate, and tha t  t h e  LM be ab le  t o  l a n d  on such  a 
s p o t  i n  manual o r  a u t o m a t i c  c o n t r o l  when t h e  c e n t e r  of  t h e  s p o t  
i s  d e s i g n a t e d  as t h e  l a n d i n g  p o i n t  from Lo Gate. 

5 . 8 . 2 . 4  

f a r t h e r  t h a n  1000  meters ( 3 3 0 0  f e e t )  f rom a Touchdown S p o t .  
T h i s  maximum Hazard s i z e  r e f l e c t s  t h e  l a n d i n g  p o i n t  r e d e s i g n a t i o n  
c a p a b i l i t y  of t h e  LM a t  H i  Gate: it i s  i n t e n d e d  t h a t  t h e  LM be 
a b l e  t o  r e a c h  a Touchdown Spot f rom a H i  Gate p o i n t  c o r r e s p o n d i n g  
t o  any n a v i g a t i o n / g u i d a n c e  e r r o r  w i t h i n  t h e  3a l i m i t .  

The s i z e  of  t h e  Touchdown Spot 

A Hazard i s  a r e g i o n  c o n t a i n i n g  p o i n t s  f a r t h e r  t h a n  1 2 5  
meters from a Touchdown S p o t ,  b u t  n o t  c o n t a i n i n g  p o i n t s  



BELLCOMM, INC.  

ENCLOSURE (1) - 3 -  

The smallest Hazard w i t h i n  t h i s  d e f i n i t i o n  i s  a c i r c l e  
250 meters i n  d i a m e t e r .  The l a r g e s t  p o s s i b l e  Hazard i n  an  
a c c e p t a b l e  Landing S i t e  i s  a s t r i p  2000 meters wide e x t e n d i n g  
c l e a r  a c r o s s  t he  S i t e .  A Hazard may t h e n  be of any s i z e  o r  
shape  between t h e s e  ex t remes .  

Two Hazards may be no c l o s e r  t o g e t h e r  t h a n  t h e  a v e r -  
age wid th  o f  t h e  s m a l l e r  of t h e  two, measured p a r a l l e l  t o  t h e  
minimum d i s t a n c e .  It i s  in t ended  t h a t  t h e  Good Region between 
Hazards be r e c o g n i z a b l e  under  t h e  same v iewing  c o n d i t i o n s  
( d i s t a n c e ,  a l t i t u d e ,  l i g h t i n g )  as t h e  Hazards .  

5 . 8 . 2 . 5  The Landing Approach P a t h  

L e f t  "open", pending adequa te  a n a l y s i s  o f  r e q u i r e m e n t s .  
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Lunar S u r f a c e  Model f o r  Landing S i t e  E v a l u a t i o n  

This  model s p e c i f i e s  c h a r a c t e r i s t i c s  of t h e  s u r f a c e  
co r re spond ing  t o  t h e  e lements  s e t  f o r t h  i n  t h e  s t r u c t u r a l  and 
o p e r a t i o n a l  models i n  S e c t i o n s  5 . 8 . 1  and 5 . 8 . 2  of  t h e  NEPSAP. 
The pa rame te r s  a r e  m o d i f i e d  where n e c e s s a r y  t o  co r re spond  t o  
c h a r a c t e r i s t i c s  of t h e  s u r f a c e  ( a s c e r t a i n a b l e  o r  i n f e r r a b l e  . 
from e x p e r i m e n t a l  da ta )  ra ther  t h a n  t o  c h a r a c t e r i s t i c s  of  t h e  
LM. The numer i ca l  v a l u e s  a s s o c i a t e d  w i t h  t h e  s u r f a c e  cha rac -  
t e r i s t i c s  of a l a n d i n g  s i t e  c o n s i d e r e d  a c c e p t a b l e  f o r  an  a c t u a l  
manned mis s ion  w i l l  i n  g e n e r a l  n o t  be t h e  same as t h o s e  g i v e n  
i n  S e c t i o n s  5 . 8 . 1  and 5 .8 .2  of  t h e  NEPSAP, s i n c e  t h e  l a t t e r  
r e p r e s e n t  wors t  u s a b l e  c a s e s .  It i s  expec ted  t h a t  t h e  c r i t e r i a  
chosen  to gu ide  t h e  s e l e c t i o n  of p o s s i b l e  l a n d i n g  s i t e s  f o r  
each m i s s i o n  w i l l  r e f l e c t  t h e  l a n d i n g  e x p e r i e n c e  accumulated 
t o  d a t e  and t h e  c u r r e n t  c o n s e r v a t i v e l y  e s t i m a t e d  crew and hard- 

p a r a m e t e r s  w i l l  have s p e c i a l  numer i ca l  v a l u e s  a s s i g n e d ,  s o  as 
t o  d e s c r i b e  a s u r f a c e  of t h e  r e q u i r e d  q u a l i t y  i n  t h e  r a n g e  
between t h e  worst  p o s s i b l e  ( a s  d e f i n e d  i n  S e c t i o n s  5 . 8 . 1  and 
5 . 8 . 2  o f  t h e  NEPSAP) and t h e  bes t  p o s s i b l e .  C r i t e r i a  w i l l  t h u s  
b e  p rov ided  f o r  s e l e c t i o n  o f  a s i t e  t h a t  w i l l  be  a t  l e a s t  as 
good as t h e  s t a n d a r d  t h a t  i s  c o n s i d e r e d  t o  be n o t  e x c e s s i v e l y  
d i f f i c u l t  i n  view of  t h e  c u r r e n t  ' s t a t e  of t h e  a r t ' .  

ware capa-uiiilLies. n--- ---L - : - - :A- r UI- c a ~ i i  i11LaaLull  t h ~  surfa~e ~haracteri~tic 

It i s  n o t  i n t ended  t h a t  t h e  v a r i o u s  e l emen t s  must be 
s p e c i f i e d  e x a c t l y  i n  t h e  f o r m s  i n d i c a t e d  below: s p e c i a l  r e q u i r e -  
ments of  p a r t i c u l a r  mi s s ions  may s u g g e s t  a l t e r n a t i v e  s t a t e m e n t s  
o f  some and t h e  i n t r o d u c t i o n  o r  omiss ion  of o t h e r s .  Underscores  
i n  t h e  m a t e r i a l  f o l l o w i n g  i n d i c a t e  b l a n k s ,  to be f i l l e d  i n  f o r  
e a c h  mis s ion ;  t h e  e n t r i e s  i n s e r t e d  h e r e  are sugges t ed  ones f o r  
t h e  f i r s t  l u n a r  l a n d i n g  mis s ion .  

1. A Touchdown Po in t  i s  a c i r c l e  of d i a m e t e r  9 me te r s  

c h a r a c t e r i s t i c s  as s e t  f o r t h  i n  1.1 th rough  1 . 5 :  
w i t h i n  which t h e  s u r f a c e  has mechanica l  and t o p o g r a p h i c  

1.1 The topograph ic  s l o p e s  r e l a t i v e  t o  t h e  l o c a l  h o r i z o n t a l  

1 . 2  There i s  no o b j e c t  on t h e  s u r f a c e  of v e r t i c a l  dimension 

a r e  l e s s  t h a n  5 d e g r e e s .  - 

g r e a t e r  t h a n  30 cm. 

1 . 3  The c o e f f i c i e n t  o f  f r i c t i o n  f o r  a s l i d i n g  LM f o o t  pad 
i s  g r e a t e r  t h a n  0.4 and l e s s  t h a n  1.0 . 
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1 . 4  The s o i l  f o r c e  r e s i s t i n g  LM f o o t  pad p e n e t r a t i o n  i s  

i n c r e a s e s  a t  a r a t e  g r e a t e r  t h a n  3.6  p s i  p e r  f o o t  ( 8 1 , 0 0 0  N / m  
p e r  meter) of  p e n e t r a t i o n .  

2 grea ter  t h a n  5.5 p s i  (38 ,000  N/m ) i n i t i a l l y  and 

2 .  A Touchdown Spot i s  a c i r c l e  of  diameter - 50 meters 

as d e f i n e d  i n  1 above .  
w i t h i n  which every 9-meter c i r c l e  i s  a Touchdown P o i n t  

3 .  For  t h i s  m i s s i o n ,  a r e g i o n  hav ing  no i n t e r i o r  p o i n t  

c h a r a c t e r i z e d  as Good Region. 
f a r t h e r  t h a n  100  meters from a Touchdown Spot  i s  

4 .  For  t h i s  m i s s i o n ,  a r e g i o n  h a v i n g  p o i n t s  f a r t h e r  t h a n  

Spot  a l lowed  i n  Good Region i n  3 above)  from a Touchdown Spot  
i s  d e s i g n a t e d  a Hazard.  

1 0 0  meters (same as maximum d i s t a n c e  t o  Touchdown 

5.  A Landing S i t e  f o r  t h i s  m i s s i o n  i s  a r e g i o n  e n c l o s i n g  
t h e  e n t i r e  30 l a n d i n g  p o s i t i o n  n a v i g a t i o n  e r r o r  boundary 

r e l a t i v e  t o  a p o s s i b l e  Targe ted  Touchdown P o i n t ,  and hav ing  w i t h i n  
i t  t h e  s u r f a c e  c h a r a c t e r i s t i c s  s e t  f o r t h  below: 

5.1 Not more t h a n  - 5% o f  t h e  Landing S i t e  area i s  Hazard ;  
t h e  remainder  i s  Good Region. 

5 . 2  No Hazard i n  t h e  Landing S i t e  may b e  o f  l a r g e r  s i z e  

diameter.  
t h a n  can  b e  enc losed  i n  a c i r c l e  1 0 0 0  meters i n  

5 .3  The minimum d i s t a n c e  between any two Hazards i n  t h e  
S i t e  i s  t w i c e  t h e  a v e r a g e  d imens ion  of  t h e  smaller 

o f  t h e  two. measured D a r a l l e i  to t h e  minimum d i s t a n c e .  

5 .4  The Ta rge ted  Touchdown P o i n t  i s  i n  t h e  d e s i r e d  or 

or r e l a t i v e  t o  some f e a t u r e  o f  t h e  s u r f a c e .  
a l lowed  p o s i t i o n  or r e g i o n ,  s p e c i f i e d  g e o g r a p h i c a l l y  

6 .  The Landing Approach P a t h  

L e f t  "open", pending a d e q u a t e  a n a l y s i s  o f  r e q u i r e m e n t s .  


